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VIRUS DISEASES OF SWEET POTATO IN EAST AFRICA. 
Il. TRANSMISSION TO ALTERNATIVE HOSTS + 
F. M. L. 


Shefheld 


SUMMARY 


by 


transmitted 


Virus A of sweet potato was 
grafting, but not mechanically, to some species of 
Ipomoea. It was not transmitted to some sola- 
naceous plants by means of aphids. Virus B, the 
more important of the 2 viruses in East Africa, 
was not transmitted mechanically to sweet potato 
but was so transmitted to some other hosts. Plants 


of several species of Ipomoea and of some members 
of the infected with virus B 


when inoculated mechanically, by by 


Solanaceae became 


evraft. and/or 


{ white flies. All such plants showed sys- 
symptoms that varied in intensity among the 

In Gomphrena globosa L., the virus was 
confined to local All attempts to transmit 
virus B to members of the Chenopodiaceae, Com- 
positae, Euphorbiaceae, and Malvaceae failed. 

Both viruses seem to be distinct from,others de- 
potato; virus B could not be 
of the white-fly-transmitted 
recorded 


means ¢ 
tem 
spec les 


lesions. 


scribed in sweet 
identified with 


Viruses prey iously 


any 





[pon 
already 
Vyzus 


Variety in 


bata 
ae 


pe rsicde 


“weet oed 
\trica 
transmitted 


the 


affect 


Lam.. in East 
Virus \. 


-Vmptoms 


Iwo viruses that potato 


( | } 


scribed (5) 


have heen 


fi 
fas 


by 


(Sulz.) caused no in which 


mild diseases in other varieties 


rabac 


it was found and only 
Virus Bb, 


ists in several strains some of which cause 


transmitted by Bemisia (Genn.). ex 


very severe 


found in 1 locality 


diseases. The former virus was 

only but the latter was widespread. In the search 
for alternative hosts, work was therefore mainly con 
centrated on virus B. The plants tested included hosts 
of other viruses known to be transmitted by white 
flic =. Common weeds. and some ol those species Usu 
ally used as virus test plants. 

MATERIAL AND METHODs.—\Whenever possible. the 
test. plants ed were young seedlings. but when 
varlietV Was heterozygous (e.g. Cassava if Was neces 
sarv to use small-sized rooted cuttin Several ex 
periments with each host were usually done at— the 
same time controls, numbering about half the total 
of experimental plants, were set up. As none became 
infected. they will not usually be referred to 

In the earlier experiments. species of [pomoea wer 
the test plants. and the suspected plants were tested 


transmis 


In 


hac k to sweet potato by vralting or by insect 


re‘ orde d 


Sion before iny results were as positive, 
the later experiments with other genera, the sus 
pected plants were tested by mechanical transmission 


r 
Ipo 


| his spec ies Was ¢ hose n bec ause 


a cultivated species ol Ipomoea that Is neal 


Intecte d 


to 


moead pu 


; y 
Ppurpu 


more readily following mechani 
cal do <ome un 


mistakable (Fig. 1) quickly. and 


it produces much viable seed that germinates rapidly. 


it becomes 


inoculation than others. it shows 


symptoms relatively 


This sper ies will be called the *Tpomoea test spe ies,” 


Insect fransmission The methods usually used 
were those that had been found best in transmitting 
the viruses to sweet potato varieties (5 For experi 
ments with virus A. aphids were starved overnight 
before being fed for 2 minutes on infected sweet po 
tato and then transferred to the plant species under 


test. For virus B. white flies were reared on infected 


97 
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sweet potatoes and were then transferred to the test 
plants. (White flies had been found to be inefficient 
vectors under experimental conditions, and it seemed 
possible that they might acquire the virus more 


readily from hosts other than sweet potato. When the 
insects were reared on an infected plant of the Ipo- 
moea test species, however, and then transferred 50 


at a time to sweet potato cuttings, only 6 of 21 plants 
> | 


and | o infected 


oF 


lose ly related to a known host for there to he a good 


f 6 plants became in 2 experiments. ) 


ift transmission When a species was sufhiciently 


chance of a successtul union taking place, top cleft 
vratts with infected scions were made 
Vechanical fransmiussion It had not been found 


to transmit either virus to sweet potatoes by 


possible 


mechanical inoculation with juice extracted from 


sweet potatoes (5). The first alternative host found in 
the insect transmission experiments was the species 
of Ipomoea later used as the test species. and from 


this was started a series of experiments with mechani- 


cal methods. Juice was extracted from infected plants 


into water and into O.5 per cent sodium sulphite. 


These juices were rubbed over leaves of 3 young seed- 


the and the experiments were 


idded to the All 6 of the 


lings ot same species 


jue es, 


repeated with Celit 
plants rubbed with water extracts became infected; 
symptoms appeared in about 15 days. Of the plants 


rubbed with sulphite extracts, only 4 became infected, 


and symptoms did not until 3 weeks after in- 


Lippe ar 


oculation all further experiments, an aqueous ex 


tract and Celite were used. It was seldom that all 
inoculated plants became infected: hence very little 
water was used. and the leaves were rubbed with as 
little delay as possible after the extract was made, 


rubbed with Celite and water. 
Vechanical tr of oh 
several B was 


Leave < of controls were 
ansmission virus 


Whereas 


transmitted mechanically to 2 different plant species, 


RESULTS 


tained from sources virus 
even when the inoculum was taken from sweet potato 
(Table 1). 


to sweet 


the source of the inoculum 


it was not possible to transmit it mechani- 
the methods. used, whatever 
None of the plants tested 


cally potato by 


became infected with virus A following mechanical 
inoculation. 
693-752) was issued Dec. 20, 1957 
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Taste 1.—Mechanical transmission of sweet potato viruses 
obtained from different sources 
No. of each new host infected * 


| pomoea 1. batatas Petunia 
Source of test val sp. 


inoculum Virus species Muguga C 
Ipomoea batatas 

var. Muguga C” A 0/3.0/3,.0/3 0/3 0/3 
| pomoea test sp.‘ \ 0/3,0/3 0/3,0/3 
i. batatas® B 1/3 0/3 2/3 
1. batatas var. 

\Muguga C°” B 3/3 0/3 0/3 
Ipomoea test sp.° B 3/3 0/3 1/3 
| pomoea test sp.” B 2/3 0/3 1/3 
|pomoea test sp.° B 1/3 0/3 1/3 
Petunia sp.” B 3/3 0/3 1/3 


‘Denominator shows number of plants tested and nu 
merator, number infected. Several figures in the same space 
show the results of several similar experiments. No con 
trols became infected 

Source plants graft inoculated 

Source plants insect inoculated. 
Source plants naturally infected. 
Source plants mechanically inoculated 


ot Ipomoea purpurea, 10 of the Ipomoea test species, 


and 2 of J. alba L. 


source, either mechanically or by grafting. Judged by 


were inoculated from each virus 


the severity of the symptoms only, they fell into the 
same 6 groups as when compared in sweet potato. 
Symptoms caused by virus A in these hosts were 
intermediate between those due to strains 4 and 5 of 


virus B. A 


leart Paxt. gave, in these hosts and in sweet potato. 


virus occurring naturally in /pomoea 


symptoms similar to those caused by strain 2 of 
virus B. 

Plant species susceptible to virus B.—The results 
of a search for alternative hosts of severe strains of 
this virus are summarized in Table 2. The proportion 
of test plants that became infected was often very 
small, and a species might be successfully inoculated 


When the virus 


species was often 


by 1 or 2 methods but not by all. 
was transmitted mechanically. a 
more readily infected with inoculum from 1 source 
than from another. 

The failure of white flies to transmit could often be 
accounted for by their refusal to feed on a host other 
than that on which they had been reared. Negative 
results are therefore not conclusive. 

Some effects of virus B on alternative hosts. 
Leaves of all the following plants were examined for 


virus inclusion bodies but none was found. 


1) Gomphrena_ globosa.—This was the only host 
found in which the virus was confined to local lesions. 
At first. each lesion consisted of a tiny purplish-red 
spot: this gradually enlarged and the centre became 
necrotic. If close to a vein, the lesion would extend 
along it; otherwise it usually became oval, and the 
long axis (parallel to the midrib) reached about 
in. in length. The 
rounded by a dark red halo about 1/16 in. wide. That 


the lesions contained active virus was shown when 


necrotic centre was then sur- 
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some were cut out and juice extracted from them was 
rubbed on other plants of the same species and to the 
Ipomoea test spec ies. Noninoculated leaves on inocu- 
lated plants showed no symptoms, and no virus was 
recovered from them. 

2) Ipomoea alba.—A very faint mottle appeared 
on a few young leaves, but after about a month the 
plants ceased to produce any symptoms. They became 
symptomless carriers of the virus, which was recov- 
ered from some, but not all, parts of the plants. 

3) J. dasysperma.—-Plants of this species were se- 
verely affected by the virus. The plants were much 
stunted and had short internodes and small distorted 
mottled leaves. Flower buds were formed but fell 
without opening. 

Lt) J. fistulosa. 


affected by the virus, which caused only a slight 


Infected plants were not seriously 


stunting. The young leaves were faintly mottled and 
distorted. 

Infected 
stunted and leaves were faintly mottled. 


5) 1. garckeana plants were — slightly 


6) I. leari. 
from a cutting and was apparently healthy; 


One plant of this species was grown 
however, 


when further cuttings were taken from it. some of 


them showed occasional yellow patches on a_ few 
leaves. Scions from the abnormal plants grafted to 


other species caused symptoms similar to those caused 
by severe strains of virus B. The virus was not fully 
systemic in the host but could sometimes be recovered 
from plants that showed no symptoms. This virus is 


possibly the same as virus B. 


7) 1. purpurea.—The first symptom was usually a 
clearing of the veins in the young leaves: this de- 
veloped later into a bright green and yellow mosai 
pattern. Leaves often were distorted, and infected 
plants were considerably stunted. 
species (near I 


8) Ipomoea test purpurea). 


Symptoms were similar to those of /. purpurea. Of 
730 seedlings grown from seed from infected plants, 
all were apparently healthy (Fig. 1). 

9) Mina lobata. 


inoculation, necrotic 


About 2 weeks after mechanical 
lesions developed on the inocu- 
lated leaves: on the following day. areas surrounding 
the larger veins of the young leaves were bright vyel- 
low. This vein-clearing rapidly developed into a very 
distinct mottle. About 4 weeks after inoculation. the 
inoculated leaves had become completely necrotic and 


had fallen off. 
all the young parts of the stunted plants. 


A systemic mottle was then present on 


10) Datura ferox.—This was very severely affected 
by the virus. The first symptoms appeared in the 
young leaves where vein-clearing rapidly developed 
into a bright mottle. Leaves developing later were 
increasingly distorted, crinkled, and misshapen: some 
were reduced to littke more than a midrib (Fig. 3). 
The corolla was often broken in colour and sometimes 
the flowers failed to complete their development. Seed 
was collected from infected plants, however, and 54 


seedlings grown from it showed no symptoms 








11) Lycoperstceum esculer 


only mildly affected by the 
caused only a slight gen 
stunting. In other plants 
fined to light green patche 


rib, developed Fig 2 
12) Nicotiana elutine 


caused rosetting © 


after inoculation never 
were lanceolate in 

plant. Internodes 

the infected plant 
healthy controls wert | 


fell without 


Ope nit 


4 Resu 


TABLI 


A MARANTACEAI 
Gomphrena globosa | 


CHENOPODIACEAI 


Chenopodium an { 
(LOMPOSITAE 

Bidens pilosa L, 

Vernonia sp 

Zinnia sp 
CONVOLVULACEAE 

Ipomoea alba | 

] dasys} erma | , 

I. fistulosa Mart. ex ¢ 

] Lar er av + 

I. purpurea 

Ipomoea test sp 

Verrer ats ent I ti 

alatipes (Dar r) \ 

Vina Obata C.er 
EuPHORRBIACEAI 

Vanthot es nf { 


MALVACEAI 
f{hutilon sp 


{hbutilon hybrid 


tum 


virus, 


ral chlorosis 
int mottle 
ear the base 


tests 


This 


which 


length 
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plant was 
sometimes 
and slight 
usually con 
f the mid 
virus B 


developing 
and 
he healthy 
t months, 
h whilst 


[ Vol. 48 


13) N. When symp- 


toms first appeared, they seemed very severe and con- 


tabacum, White Burley type. 


sisted of vein-clearing, crinkling. and distortion of the 
leaves, especially at the bases. As the leaves increased 
in size, the vein-clearing was replaced by a dark green 


vein-banding up to % in. in width along each side 


of the main veins, with light green areas between. 
The crinkling disappeared, but the leaves became 
back-rolled at the margins. After about 2 months, 
the plants were only slightly chlorotic and stunted 


More than 6000 


compared with the healthy controls. 


Flower buds seedlings, grown from seed from infected plants. were 
all apparently healthy. 
er ine iscepttbuitly of plant spectes fo intectton with Virus B 
Source of Method of No. plants Time ' 
um transmission infected (days) 
G. ele ( Mechanical 3030 9-10 
] hatatas 100 Bemisia tabaci 6/20 90 
ly | Vechanical 1/18 10-15 
sp Mechanical 6/18 10-15 
| a 100 B. tabaci 0.9 
| oea test sp Mechanical 0/3.0 3.0/3 
( sa Mechanical 0/4 
ea test sp. Mechanical 0 4.0/3 
I 
Vina lobata Mechanical 0/4 
Pe | Mechanical 0/4 
|. batata 100 B. tabaci 0/2 
Lye ea te Mechanical 0 ) 
\ ( . nosa Mechanical U 5 
Petur Mechanical 0/3 
/ 1tatas 100 B. tabaci 0/4 
ly oea test sp Mechanical 0 3.0/3.0/3 
\ nosa Mechanical 0/3.0/35 
Ve | Mechanical O/ 3.0/3 
/ Graft 9/9 14-18 
/ 100 B. tabaci 10/28 59-69 
Mechanical 5/3,3/3 14-20 
\ Mechanical 0/3 
Mechanical 0/3 
fi (,ratt 0/O0.9/0 21 24 
100 B. tabaci 1/13 65 
2D. Mechanical 0/3.0 
Mechanical O35 
asp Mechani il 0 ) 
Graft 6/6 96—34 
%X0B fabact ?/90/4.3/5.3/8 54 67 
0B. tabaci 5/8 70 
] 0 B. tabaci 1/8,4/11,2/4 52-73 
\] } ni¢ i} ) +0 > 
tsp Mec! inica } 3.2 1 5 12 16 
] 60 B. tabaci 0/4 
} 100 B. tabaci 0/4.0/5.0°3 
‘ t Mechanical 0/1.0,3 
\ Mechanical 03 
s] Mechanical 0/1 
I pe i test sp Mechanical 0/1 
\ Mechanical 0/1 


Mechanical 0/] 





ip- 
m- 


he 
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Spec les tested 


4lthaea rosea Cav 


Gossypium sp. var Bar 4/16 


entus L. 


Hibiscus ese 


SOLANACEAE 
Datura ferox | 


Ly opersicum ese ilentum Mill. 


tinosa L. 


Vicotiana g 


‘OTATO VIRUS TRANSMISSION TO OTHER HOSTS 5 


TABLE Continued 


Method of 


transmission 


Source of 


inoculum 


100 B. tabaci 
Mechanical 
Mechanical 
Mechanical 
Mechanical 
100 R. taba 
Mechanical 
Mechanical 
Mechanical 
Mechanical 
Mechanical 
Mechanical 
Mi ( h, ini al 


/. batatas 

| pomoe a test sp 
VW. lobata 

\. tabacun 
Petunia sp 

1. batatas 

!. /eari Paxt 

I po moea test sp 


\. giutinosa 
\V. tabacum 
Petunia sp. 
| purpurea 
Pe 


funia sp 


Vechanical 
100 B. taba 
Mechanical 
Mechanical 
100 B. tabaci 
Mechanical 
Mechanical 
Mechanical 
Mechanical 
Mechanical! 
Mechani 
(,ratt 
100 B. taba 
Mechanical 
Mechanical 
Mechanical 


lL). terox 

!. batatas 

I pomeoc atest sp 
(, 
|. batatas 


globosa 


ly omoea test sp 
L. esculentum 
We /obata 

\. glutinosa 

\ tabacun 

Pet inia sp 
Petunia sp. 

l. batatas 
Ipomoea test sp. 
\. tabacun 
Petunia sp 


No. plants Time 
infected ' (days) 
0/9 

0/3,0/3 

0/3 

17/3 

O'S 

0 8 

0/3 

0/3.0/3 

0/3 

0/3 

0/3.0/3 

17/3 

US 


3/3 14 
»/10 65-68 


1/3. 28 
S) y 24 25 
3/3 22-25 
1/4.0/3 23 


\. tabacum L. White Burley type !. batatas 100 B. tabaci 0/6 
Ipomoea test sy Mechanical 0/3,0/3,1/3,1/3 15-21 
Petunia sp Mechanical i/o 15-17 
Petunia sp |. batatas (,ratt 9/5 30-40 
1. hatatas Mechanical 1/3.1/3.0/3.2/3.0/3.2/3 9-50 
l. batatas 100 B. tabaci 2/29 90 
Physalis pe I I pomoe atest s] Mechanica 2/3 28-30 
\. glutinosa Mechan 2 28-30 
Petunia sp Mechanica 0/3 
Pet pst (craft 10 21—30 
| ar rateful to Dr. B. Verdeourt wl entified all members of ¢ la ind also checked the nomen 
clature used in this column 
Deno inator shows number of plants teste ind numerator he numbet ni inless otherwise indi ited ™ veral 
figures on the same line show results { several experiments When transmissior va by grafting ipparently successful 
unions only are recorded. No test plant was recorded as infected until virus | been recovered from it abnormal 
plants from which virus was not reco ed are marked “7”, No controls bes nfected 
Dime elapsing between inoculation and appearance of sym] . 
Denominator shows number of leaves rubbed and 1 erator t e tha le . 
14 Petunia sp The te st pl ints were trom a clone is Physalis pre l Phi species was te sted 
with dark n igenta-coloured flowers Both Petunia sp Decalint plants, ipparentts virus-intected had been 


ind sweet potato are easy subjects for gra 
apparently 
unrelated. The 


they ure -weel pot ifo scions 


alive until they were put into bright sunsh 


2 months after grafting. It is possible that 
was not a true one and that the virus pas 


mechanically Infection 


leaves. which were slightly smaller than ne 


in a slight stunting of the whole plant 


successful unions were obtained although 


resulted in) mottlit 


fting, and 


seen in the field crowing in close 


proximity to seve rely 


infected sweet potatoes It is not known if the naturally 
remained occurring virus is the same virus B to which the 
ine about species is susceptib Symptoms of virus B were rela 
the union tively mild. consisting of a slight mottling and crin 
sed across kling that usually were obvious only in the young 
ng of the leaves Stunting was usually light 
irmal. and 16) Other species—One plant only of each of 2 


The most further spe 


striking feature of the infection was a breaking of the (s no virus was re 


which showed m 


streaks and patches (Fig. 5) 


colour ot the flowers. 


iny white ties were thought 


these plants was 


ies deve lope d 


vmptoms after inoculation 


them. the abnormali 


ove red tron 


not to he due to infection (ine ot 
{/thea rose 


a, which produced faintly 
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PHY TOP 
mottled and distorted bract Ihe 
stunted plant of Hibiscus esculent 
2 fruits, 1 of which was distorted 
Failure to 


other was a very 


is if produced only 


transmu 


CASSA irus to sweet 
potato.—Sweet potatoes infected with virus B and 
mosaic-affected cassava (Manihot esculenta) were of 
ten found growing intermingled native plantations 
As both viruses are transmitted by white flies. it 
seemed possible that they were identical. White flies 
were reared on the diseased cassava and then trans 
ferred to the sweet potato ety Muguga ( len 
white flies on each of 16 plant 20 on each of 2 
plants, and 100 on each of 10 plants failed to trans 


mit a virus to sweet potato. Attempts to transmit virus 


B to cassava also failed 


Transmission of virus { In iddition to the spe 


cies of Ipomoea recorded above. this virus also. in 
fected I. garckeana, causing very slight stunting and 
mottling. In addition to the plants reported in Table 
1 as not becoming infected when mechanically inocu 


lated, 6 plants ot Gomphrer obosa also remained 


healthy when mechanically inoculated with juice from 

sweet potato as did 6 inoculated with juice from the 

Ipomoea test species \ttempts to transmit the virus 

to 10 plants of Nicotiana tabacum and to 10 of Lyco 

persicum esculentum by mea of 10. viruliferous 
aphids on each plant all failed 
Discussion.— The possible relationships of these 2 
viruses to those affes ting sweet potatoes tn other coun 
tries have already been discussed It then seemed 
possible that virus A was identical with cucumber 
mosaic virus. This now seen inlikely because the 
insect vector failed to transmit virus A to tobacco or 
to tomato, both of which are h ts of cucumber mosai 
virus. 
Lit Al 
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Virus B is distinguished by its vector from all other 
sweet potato viruses that had been studied in detail. 


Viruses known to be transmitted by white 


flies are 
few. Two such viruses attack members of the Euphor- 


biaceae, and 
Jacq. (Zt. All at- 


B to cassava o1 


causing cassava mosaic disease (7) 


mosaic of Euphorbia prunifolia 
to transmit 
failed. Lyco- 


perstcum esculentum and all spe ies of Ipomoea and 


tempts to transmit virus 


cassava mosaic virus to sweet potato 


Physalis tested are susceptible to virus B, but Costa 


and Bennett (2) failed to transmit the virus causing 


mosaic in Euphorbia to L. esculentum or to un- 


named species of Ipomoea and Physalis. Although 
many malvaceous species are attacked by white-fly- 


transmitted viruses, there are probably only 3 viruses 
concerned; these cause cotton leaf curl (3). Abutilon 


Hibise us eS 
\ttempts to transmit virus B to hosts 


mosaic (4), and yellow vein mosaic of 
culentus (1) 
of these 3 viruses failed. The virus causing tobacco 


leaf curl (6) is transmitted by white flies. Tobacco is 
susceptible to virus B also, but the symptoms caused 
unlike those of leaf curl. 
known to be a host of 
Virus B. 

transmitted viruses attacking legumes (9) and cucur- 
Neither of 


therefore 


are quite Moreover. Ver 
leaf 


Recently. white-fly- 


nonia sp.. tobacco 


curl 
virus, was unaffected by 


bits (8) have been reported from India. 


these viruses is sap-transmissible. It must 


be concluded that virus B of sweet potato is distinct 
from any. white-fly-transmitted 


virus previously de 


“( ribed. 
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CHEMICAL STIMULATION OF GERMINATION OF 


SPORES OF 


PIRICULARIA ORYZAE! 
Robert L. Weintraub. William E. Miller. and Edward J. Schantz 


SUMMARY 


Germination on agar of spores of Piricularia 
oryzae Cay.. the causal organism of rice blast, was 
accelerated by a factor present in rice polish and 
in rice oil. Similar activity was shown also by 
peanut and okra seed oils. The active factor was 
found in the unsaponifiable fraction of the rice oil. 
A number of pure compounds including sterols, 
steroidal sapogenins, steroidal amines, and a-to- 
copherol possess stimulatory activity. The stimu- 


lator accelerated the formation of germ tubes but 
did not increase the fraction of the population that 
ultimately germinated. A germination. accelerator 
was demonstrated in the dew and in the guttation 
liquid collected from rice leaves. suggesting that 
such materials may play a natural ecological role. 
The rice-oil factor and some sapogenins accelerate 
germination of urediospores of the wheat stem rust 
fungus also. 





During studies on the influence of environmental 
factors on germination of conidia of Piricularia oryzae 
Cav., the causal organism of rice blast, it was observed 
that germination was more rapid on a rice-polish agar 
substrate than on water agar. A subsequent study of 
certain aspects of the phenomenon is described in this 
report. 


MATERIALS AND METHODs.—AI] experiments were 
carried out with a single batch of spores; this was 
divided initially into a large number of sublots, each 
of which was sealed in a glass ampoule under nitro- 
gen and stored at 4°C until needed. A fresh ampoule 
was used for each experiment. With this technique, a 
high degree of reproducibility was achieved and ger- 
minability remained substantially unaltered for more 


than a year. 


Ten ml of 1 per cent Difco agar in Syracuse watch 
glasses was used as substrate for germination. A uni- 
form deposit ot spores was obtained by means of a 
settling tower.- As determined in preliminary trials, 
a sufficiently low concentration of spores was em- 
ployed to obviate any inhibitory effect due to high 
spore density. The dishes were incubated in darkness 
in a water-saturated atmosphere at 25°+0.1°C. At 
least | liter of incubator volume was provided pet 
dish. After the desired interval. the dishes were 
removed and sprayed with 37 per cent formaldehyde 
solution to stop further development and to permit 
subsequent examination and counting when conveni- 
ent. Spores with 1 or more germ tubes of length as 
great as the spore width were counted as germinated. 
In general. 5 areas, each of 100 spores. were counted 


on each of 2 dishes. 


> 
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The several seed oils were obtained through the kindness 
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deposition ot urediospores on cereal leaves 
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EXPERIMENTAL RESULTs.—As shown by the typical 
progress curve in Figure 1, germination on water agar 
commenced about | hour after seeding and virtually 
all germinable spores had germinated within 8 hours. 
Results on agar prepared with tap water were indis- 
tinguishable from those on agar prepared with dis- 


tilled water. 


In contrast, germination was accelerated markedly 
on rice-polish agar; the percentage of germinated 
spores at 2 hours was approximately twice that on 
water agar. The rice-polish agar was prepared by 
autoclaving a mixture containing 2 g commercial rice 
polish and 1 g agar in 100 ml distilled water and 


straining the hot suspension through cheesecloth. 
The stimulating factor in the rice polish was ex- 


tractable by hot water. Two g of rice polish was 


steeped 1 hour in hot water after which the solids 
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% GERMINATION 
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Fic. 1. Time course of germination of spores of Piricu- 


laria oryzae on water agar and on rice-polish agar 
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Quantitatively, the active factor is a very minor 
constituent of the whole-seed oil. It is soluble in water 
to some extent, but its partition in a water-oil system 
is in favor of the oil. It is relatively thermostable, as 
it can be autoclaved without complete inactivation. 
Some aqueous solutions retained their activity dur- 
ing several weeks of storage at room temperature, 

\s determined by the capillary-rise method, the 
surface tension of a saturated aqueous extract of rice 
oil was identical with that of pure water; however, 
extracts of rice oil do contain a surface-active mate- 
rial, as indicated by their much greater ability to wet 
rice leaves than has pure water. In contrast, spores 
of Piricularia appeared to be wetted as readily by 
pure water as by the rice-oil extract. Furthermore, no 
stimulation of germination was induced by a synthetic 
surfactant, Tween 20 (a polyoxy-alkaline derivative 
of sorbitan monolaurate manufactured by Atlas Pow- 
der Co.), at concentrations of 0.2, 0.02, or 0.002. per 
cent in agar. Hence, there seems to be no relation 
between the germination stimulator and the surface- 
active constituent of the rice oil. 

lo ascertain whether the activity was associated 
with the saponifiable or unsaponifiable constituents of 
rice oil, 50 g of oil was mixed with 500 ml of 0.5 
N KOH in 95 per cent ethanol and refluxed for 3 
hours. After cooling. the saponified oil was diluted 
with 1 to 2 volumes of water and extracted with 
peroxide-free ethyl ether to separate the ether-soluble 
substances from the potassium salts of the fatty acids. 
The use of peroxide-free ether was indicated because 
the activity was lost when the product was dissolved 
and allowed to stand in old ether but not in freshly 
distilled ether. 

[wo procedures were employed in further fraction- 
ating the unsaponifiable constituents, which comprise 
> 6 per cent of the oil. 

In the first method, the pigmented ethyl ether solu- 
tion was washed with water and the ether allowed to 
evaporate. The residue was taken up immediately in 
just enough petroleum ether or n-hexane to dissolve it. 
The solution was cooled to about 70 C in a mixture 
of solid CO, and acetone, and the insoluble white 


When 


the volume of the petroleum ether was reduced to 


waxy material that precipitated was collected 


about 1 ml and cooled. practically all of the waxy ma- 


terial could) be removed whereas the pigments. re- 


mained in solution. The insoluble material was re 
dissolved and again cooled to remove anv remaining 
traces of pigment. The solvent was then evapor ited. 
ind the residue (about 700 mg) was stored under 


nitrogen, 

Bioassay of the several fractions showed that the 
ictivity Was present solely in the waxy material, 
whereas the pigments and the saponifiable portion of 


the oil were entirely inactive. 


Hoffpauir, and D. B. Skau. 1951. 


\ literature review. 


McCall, E. R., C. I 
The chemical composition of rice 


U.S. Dept. Agr. Publ. AIC-312, 49 p. 
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A second method of fractionation of the ether-solu 
ble. unsaponifiable substances utilized paper chroma- 
tography. About 20 mg of the material in ethyl ether 
solution was streaked on a 2  18-in. strip of What 
man No. | filter paper. After the paper had dried 
for a few seconds, the chromatogram was developed 
by descending chromatography in a commercial cabi- 
net. Among several solvents tried for developing the 
chromatogram, petroleum ether was most satisfactory 
After development, the paper was cut into 10 sections 
each corresponding to 0.1 Re interval; the sections 
were extracted separately with petroleum ether. The 
pigments moved at the solvent front (Re 0.95 1.0) 
Whereas the biologically active materials were con 
fined to the region Re 0.60.8. 

The appearance and solubilities in various solvents 
of the white, waxy. active material suggested that it 
might be a sterol or steroid. Sterols are reported to 
constitute about 25 per cent of the unsaponifiable mat 
ter of rice oil.6 Accordingly, several pure steroidal 
substances, as well as some other compounds, were 
tested for germination-accelerating activity. Because 
most of the compounds tested were of very low solu 
bility in water, it was inex pedient, in these screening 
experiments, to prepare solutions of known concentra 
tion. All assays were carried out by preparing satu 
rated solutions and diluting them with agar so that 
the final concentration of each compound was equal to 
one-tenth its saturation value. As the various com 
pounds doubtless differed in solubility, the results 
(Table 1) do not provide information on their rela 
tive activities on an equal-weight or equimolar basis: 
they should be interpreted as showing only which 
substances were active or inactive at the unknown con 
centrations tested. Among the sterols. cholesterol was 
active whereas stigmasterol (a constituent of rice oil 
and broceoli-leaf sterol were not. Phytosterol and di 
hvdrositosterol, which also are constituents of rice 
oil.’ were not tested. The triterpenoid sterol lanosterol| 
was inactive. Highest activity was found in a group 
of steroidal sapogenins—diosgenin, gitogenin, heco 
genin. isodiosgenin, sarsasapogenin. smilagenin, and 
ticogenin. Other sapogenins (dihydroticogenin, kryp 
togenin, and pseudodiosgenin) were less effective 
Tomatidine. a steroidal amine. showed significant ac 


tivity whereas dihydrotomatidine and solanidine did 


not. The only nonsteroid found to be active was 
tocopherol (vitamin E this substance has been 
reported as present in rice. 

One or 2 points should be noted in connection with 
these results. A considerable variety of materials pos 
sess germination-accelerating activity. The magnitude 
of the maximal stimulation by these substances of 


known structure is the same as that induced by the 
rice-oil extract. It seems rather unlikely that some of 
these. such as the steroidal sapogenins and amines. 
are present in rice oil. Stigmasterol, a known rice 


oil constituent. was inactive. There is some evidence. 


furthermore. that the stimulator from rice oil, at least 
in the impure condition thus far available and when 





WEINTRAUB ET AL: STIMULATION OF SPORE 


GERMINATION IN PIRICULARIA ORYZAE 9 


Pasre | Acceleration of germination of spores of Piricu- 
faria oryzae by various substances 


Substance Relative activity * 


Rice-oil extract 148 
Cholesterol 117 
Stigmasterol 97 
Broccoli-leaf sterol’ 99 
Lanosterol 101 
Diosgenin 140 
Hecogenin 155 
Citogenin 149 
Sarsasapogenin 126 
Sarsasapogenin acetate 133 
Smilagenin acetate 146 
ligogenin acetate 136 
Dihyvdrotigogenin 115 
Pseudodiosgenin 118 
lsodiosgenin 126 
Kryptogenin 114 
lomatidine 114 
Dihydrotomatidine 100 
Solanidine 108 
r- Tocopherol! 137 


\ctivity expressed as percentage germination in 2 hours 


itive to water-agar control. Each value is the mean of 
2 or more independent experiments 


Structure unknow! probably related sitosterol., 


’ 


in the dry state, is inactivated by oxidation by atmos- 
pheric oxygen whereas the pure sapogenins are quite 
stable. The nature of the rice-oil factor must be re- 


garded as still uncertain 


The occurrence of a germination-accelerating sub- 
stance in the host raises the question of whether it 
may play a natural ecological role. The possible bene- 
fit to the parasite may be readily envisioned: Inas- 
much as the processes of germination and penetration 
into the rice leaf must be completed while moisture is 
present on the surface, the more rapidly the germina- 
tion process is initiated the shorter will be the dew 
period requirement for successful infection 

To ascertain whether a germination accelerator was 
present on the foliage. dew was induced to form on 
rice plants by transferring them from the greenhouse 
to a special chamber The dew was removed by 
gently blotting the leaves with filter paper the paper 
was extracted with water, and the aqueous extract 
mixed with agar for bioassay. The results of several 
experiments are assembled in Table 2. In all cases, 
the dew collected from plants within 5 to 16 hours 
after they were placed in the chamber contained a 
highly active factor. A second collection made after 
1 or 2 additional days in the nonilluminated chamber 


usually was devoid of activity 


The moisture blotted from the leaves in the fore- 
going experiments was presumed to originate in part 
from condensation of atmospheric water vapor and in 
part from liquid excreted by guttation of the leaves. 
In order to establish whether the active factor is 


Mitchell. J. | ind FE. Cherry. 1954 \ variable tem- 
perature incubation chamber permitting controlled deposi- 


Phytop ithology 44: 498 


tion of dew 








10 


excreted in the guttati bit] 


placed in the chamber and wat 


the soil. 


I’, hour. 


(,uttation droplet 
After a few hour 7 


with filter paper (care 
the leaf surface or witl 
Three such experiments showed 
to have high germinatior ecel 
the earlier dew experimer 
a lected from plants after 
inactive, 
1 No evidence Is avallable T 
the factor on the rice leaf witl 
nl the rice oil 
‘ To ascertain whether the 
the germination of other spe: 
were made with urediospors 
Pers. f. sp. tritici Eriks. et E. He 
Helminthosporium <p Phe ver 
scribed above was ised The 
; of the wheat stem rust f{ 
Taste 2 Gern atic 
dew collected fr 
Expt Dew per 
l 16 Hours 
Same plants 2 
2 16 Hours 
} > Hours 
Same plants 23 | 
1 6 Hours 
4 Same plants 24 
5 6 Hours 
Same plants 24} 
*Five- to 6-week-old pott 
8970 were used. 
"The control agar was prepare 
paper that had not heer 
' 
s, 
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Pasple 3 feceleration of germination of spores of Puccinia 
£ramtnis 
Cermination 
in 2 hours 
as percentage 
Spore of water-agar 
Substance lot Expt control 
Rice polish extract W-18 ] 162 
Rice-oil extract W-31 l 200 
2 165 
Diosgenin W -56-6-11 l 141 
2 200 
3 260 
y 126 


fungus, or greater: cot 


Helminth 


the spores of the rice blast 


sistent stimulation was not observed = in 


sportum sp. 
literature contains 


DiscUssION The numerous re 


ports of the improvement ot germination of various 
fungal spores by a miscellany of natural products and 
extractives: several citations are given in the review 
of Gottlieb. 
of techniques is insufhcient to make clear whether the 


effect is 


In many of these reports, the descriptior 


a true increase in amount of germination or 
transient acceleration as in the 


Although a 


diverse nature have been found to benefit germination. 


merely a present in 


stance number of known compounds of 


the steroids do not appear to have been implicated 


previously. 
Virtually 


nism of action of the accelerator of Piricularia germi 


nothing is known concerning the mecha 


nation. It does not counteract the retardation of ger 
mination that is brought about by exposure to light of 


moderately high intensity. 
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THE EFFECTIVENESS OF CERTAIN 


ERADICANT FUNGICIDES ON 


INHIBITION OF GEMMAE OF MYCENA CITRICOLOR ! 


Eddie Echandi and R. H. 


Segall 


SUMMARY 


“Ojo de gallo” disease of coffee was controlled 
by the use of certain mercury-containing fungi- 
cides. Three dry-season applications of mercury 


fungicides controlled the disease as well as, or 


better than, did 9 applications of copper fungi- 


cide made both in the dry and in the rainy season. 


Dry-season applications of mercury fungicides were 
found to be more effective than those made in the 
rainy this program resulted in the 
mercury residue within the har- 
vested coffee beans, making the program unsuitable 
for use in the practical control of the disease. 


season. { se ot 


presence of a toxk 





“Ojo de gallo” or American leaf spot caused by 
Vycena_ citricolor (Berk. & Curt.) Sace.(=—Om 
phalia flavida Maubl. & Rang.). a member of the 
family Agaricaceae ot the Basidiomycetes, is the most 
important disease of coffee trees in the Western 
Hemisphere. Estimates indicate that 20 per cent of 
the Costa Rican coffee crop is lost annually as a result 


disease (Oo) Losses are due 


{ this 
excessive drop of affected leaves and berries 


principally to 


Inoculum is distributed by means of gemmae_ borne 


m pedicels that develop on the surface of small ecireu 


lar necrotic spots (0.5-1 em in diameter) on leaves 
Fig. 1, A fruits. stems. and young branches. Rela 
tively small numbers of gemmae. usually 1-20 at any 


| period and less than 100 per season, are formed on 


each spot (Fig. 1, B). 


tree by splashing rain drops: 


spread from tree to 
to be 


Chev are 
they are too heavy 
Long distance dissemina 


that stick to 


borne by air currents (6). 


tion is principally by gemmae insects, 


birds. workers. etc. 
Control methods such as heavy defoliation 


shade, 


fertilization 


pruning 


of diseased trees. reduction of improvement of 


-<oil drainage. and have been recom 


mended. but none of these have given satisfactory con 


trol. Bordeaux mixture was one of the first fungicides 


ised for controlling the disease. but early workers 


not obtaine d and 
difh ult 


claimed that satisfactory results were 


that applications Were too) expensive and 


other fungicides 


Recently. Pérez (3) tried copper 
and obtained promising results. For this reason, cop 
per fungicides are now widely used in Costa Rica 
l se of these ind other fungi ides for the control of 
offee diseases has been reviewed recently bv Well 
in (7 
Since rainfall in the Costa Rican coffee zone is 
ipproximately 100 in. per: vear. it is difheult to main 
tain an adequate film of fungicide on the foliage 
Sprav applications more frequent than once a month 
re hot considered economik ally feasible hy most 
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( Osta Rican coffee growers ( ontrol ot “oro de gallo” 


in certain areas by the use of protectant fungi ides 


feasible. Investigations by 
that 
formation of 


Bec ause oft the 


therefore, not been 


1956 


has, 


Echandi (2) in showed certain eradicant 


fungicides would inhibit 
coflee leaf 


number of gemmae, their large size, and slow spread. 


femmae on 


lesions. relatively small 


it was thought that the disease eliminated 
coffee 


would 


might he 
from farms by 


that 


the application of a fungicide 


demonstrates the 


inhibit sporulation 
experimental evidence that 
this attack: 


containing fungicides were used. 


paper presents 


feasibil 


itv of mode of however. where mercury 


a residue was found 
these 


beans. Therefore 


the 


in the fungicides should not 


be used tor control ot “oro de gallo” disease in 


coffee plantations, as a mercury residue will probably 
result 

MATERIALS AND METHODs.—Fungicides found by 
Echandi (2) to be effective in inhibiting gemmae for- 
mation were selected for field applications. Heavily 
diseased trees of Coffea arabica 1. growing on the 


area of} 
The 


from | to 16 in 


Plateau. the coflee-growing 
Ri a. 


number of 


Central maim 


Costa were chosen for fungicidal tests 


treatment varied 


and all 


Special care 


trees per 
treatments were 
taken to 


started 


various repli 
spray foli 
o run. off 


Spec les 


experiments 


cated 3 times was 


age until the fungicide solution 


Fungicides were applied at monthly intervals 
hosts 


of Inga commonly used to shade coffee trees are 


of Mycena citricolor. Since these shade trees are too 
large to be effectively sprayed they were heavily 
pruned before start of the fungicide applications to 
remove possible diseased leaves. The following fungi 
cides were used in field trials 1) Emmi, 90°; 


bic ve lo 2.2 | 


Agricul 


(ethylmercuri 


1. 4.5. 6. 7. 7-hexachloro-\ 


hept-5-ene-2.3-dicarboximide 


Pur il ize d 


tural Spray, 7.5 tris(2-hvdroxyethyl) (phenylmer 
curi)ammonium lactate; 3) Phix, 22 phenylmer 
cury acetate; 4) Hostaquick, 5 phenylmercury ace 
tate: 5) Tri-Basi« 08 basi copper sulfate: 6) 
Cupravit, 85°; basic copper chloride; and 7) Elgetol, 
19 sodium 4.6-dinitro-o-cresoxide. Other fungicides 


mercury or arsenic were tested in the lab- 


field 


containing 


oratory and in small plots. In all cases. the 








formed on a leaf sy 


stickers Film 
gums and calcium case 
phthalic 


were added to the Tul 


spreader 
elyceral alky| 


tained by counting the t 


ber ot spots containn 


gemmae per spot or Lf 


leaves from both tre 


tion, plants in eacl 


rainy season for dise 
, | 
method of Sequeira ) 
were transformed to 
cally. 
During the dry 
Taste 1.—Gemr 
contre ‘ 
{ 
' Fungicide* 


Puratized 
Agr. Spray 

Emmi 
Phix 

®, Hostaquick 
Elgetol 
Tri-Basic 
Cupravit 


None 


* Applications of eradicant 


at monthly intervals exter 


» Single and double asteris 
checks are significant at 0.0 


* Disease rating 
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{ f th oj le wall disease Bb) Gemmae « 
xture of organi from January to April. humidity in 
| R19 oO ty is re lative ly low: spread ot the cise 
lene dichloride ew or no gemmae are formed. In ex 
re Data were ob in March. 3 applications of eradican 
spots. the nu made at monthly intervals. For con 
1 the r of ant fungicides were applied on ce 
elected d | these were started at the same tim 
1 plot | id throughout the rainy season for a t 
the end ( fhese fungicides were applied throug 
; a 
rain to thre ta pressure oft approximately 150 lI 
a 4 per] nt it a rate ol 250 eal. per acre, 
1 statisti In experiments initiated during the 
September, applications were made 
ly ey sprayers or with low-gallonage po 
; € ‘ 4 th nei 7s r £ 
\\ e percentage ot spots with remmae 
| October November 
og 1.3 ) OF* 
0.0 0.0 0.0 
{() 15 25.9* * 
oo) ** s] 6** 
6.8 63.5 76.6 
66.7 57.4 63.6 
f 8.0 68.1 
3 64 ) 48.7 
es made in March, April, and May. Applications of protectant 
March throu h November 
ite that differences between indicated percentages and percentages 
{ levels respectively 


100 — = 
Numeral 5 in formula is rating of maximal 


f Mye 
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ena citricolor 


cotter plantations 
ase is slow since 
periments started 


t fungicides were 


Iparison, protect- 
mmparable trees: 
e and continued 


otal of 9 sprays. 
h power spravers 


» per sq. In. and 


rainy season gn 
with knapsack 
wel applicators, 


Disease 
intensity’: © al 
end of rainy 
season 


‘is.9** 
97 98% 


55.6 


fungicides made 


ot unspraved 


disease ¢ ategory. 
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TABLE 2.—Gemma formation and disease intensity on coffee plants sprayed with 3 concentrations of mercury fungicides 
during rainy season with high-gallonage equipment for the control of “ojo de gallo’ 


Average percentage’ of gemmae 1 month 


Concentration 


Disease 
intensity ”:* at 


after indicated application 
end of rainy 


Fungicide per 100 gal. First Second season 
Puratized 
Agr. Spray 1.26 pint 18.4** 13.1** 13.3°* 
0.84 pint 10.5** 10.3°° 20.0** 
0.63 pint 65.7°* 24.3** 40.0** 
Emmi 0.88 lb 0.0** 0.0** 0.0** 
0.66 lb 2.1%" 0.0 0.0** 
0.44 lb i3.5°* 0.8** 0.0** 
Hostaquick 1.32 lb. 33.6%" 20.1** 10.0** 
0.88 lb. 63.7 38.6% * 66.7** 
0.66 lb 72.9 53.1 ri F 
None 84.1 79.5 100.0 
Applications of fungicides made in September and Octobe 
Single and double asterisks indicate that differences between indicated percentages and percentages of unsprayed 
checks are significant at 0.05 and 0.01 levels, respectively. 
Sum of numerical ratings * 100 : 1 
Disease rating . Numeral 5 in formula is rating of maximal diseas« 


Potal number of plants in plet x 5 


Ihree eradicant fungicides, each at 3 different con 


centrations, were applied twice at monthly intervals 


Data on gemma formation were taken a month after 


each and before any subsequent spraying. 


RESULTS 


spray 
Examinations 
start of the 
month after the third 


Drvy-season applications 


of leaves in June, following the rainy 


season and a spray, indicated 


that no gemmae were produced on leaves of plants 


sprayed with any of the mercury-containing fungicides 
(Table 1). Plants 


fungicides had leaf 


sprayed with any of the other 
spots that 


indicating that these fungicides had 


carried large numbers 
little 
Data 


were pro 


of gemmae, 
effect on gemma formation 


taken during October showed that 


apparent inhibitory 
vemmae 
duced on a tew leaf spots on some p! ints sprayed with 
November, 
fungicides continued to give 
than did 
differences in the 
plots treated with different mercury fungicides became 


mereury. In at the close of the rainy sea 


son, mercury significantly 


greater inhibition of fungicides of 


other 


gemmae 


active ingredients; however. 
fungicide that 
inhibited gemma 
Phix, 
Hostaquick also reduced the number of gemmae by a 
statistically 


evident. Although Emmi was the only 


under these conditions completely 


formation, Puratized Agricultural Spray, and 


significant amount. Disease intensity rat 


ings indicated that sprays of -Emmi or of Puratized 
that 
nificantly better statistically than that given by sprays 


of Hostaquick or of 


Disease 


Agricultural Spray resulted in control was sig- 
fungicides 
that plants 


treated with copper fungicides had significantly less 


copper-containing 
intensity ratings also indicated 
“ojo de gallo” than did those sprayed with Elgetol or 
those untreated. 

Better control was obtained by 3 applications of 
Emmi or of Puratized Agricultural Spray than with 
9 applications of a copper fungicide. In an area of 
the Central Plateau, where the temperature is high 





category. 


ind beth rainfall and humidity are low, | application 


of certain of the mercury fungicides during the dry 
season completely inhibited gemma formation and 
therefore eliminated the disease from the sprayed 
plots. 

Plants throughout the plots had symptoms typical 
of zine deficiency before they were sprayed These 
symptoms were accentuated by treating the plants 


with mercury fungicides. To determine if the de- 


ficiency symptoms could be corrected by the applica- 


tion of zinc, half of the plants in each plot were 
sprayed with a mixture of zine oxide (30%) and 
zine sulfate (70°) at a rate of 4 lb. per 100 gal. On 


plants given this treatment, the severity of the defi- 
ciency symptoms on affected plants was appreciably 
less than on nontreated ones, regardless of the fungi- 
cide application. 

The 3 
cides used, Agricultural Spray, and 
Hostaquick, (Tables 2, 3). 


Defoliation that takes place during the rainy season 


Rainy-season applications 
Puratized 


controlled 


mercury fungi- 
Emmi. 


“oio de gallo” 


was either eliminated or slight on all sprayed plots. 
with high-gallonage 


formation was 


On plants sprayed equipment 
(Table 2), gemma inhibited com- 
pletely after the first spray with Emmi at the highest 
Following the second spray, Emmi at 
all concentrations completely inhibited gemmae, and 
the number of spots with gemmae decreased with all 
Statistically differences in 
and intensity were 


concentration. 


3 fungicides. significant 
both 


noted among the 3 mercury compounds used and, in 


gemma _ formation disease 
some cases, among different levels of concentration. 
Results with low-gallonage spray trials (Table 3) 
were similar to those of high gallonage in that there 
were statistically significant differences in gemma in- 
hibition and in disease intensity among all 3 fungi- 
cides. In another experiment, where Puratized Agri- 
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q ABLE 3. Gemma |} wlior ise inter fy on coffer plants sprayed with } concentrations of mercury fungicides 
during rainy season wit U- Zi ge ed ment for the control of “ojo de gallo” 
\verage percentage’ of gemmae 1 month Disease 
after indicated application intensity: at 
(oncentratis end of rainy 
Fungicide* per LOO gal First Second season 
Puratized 
\gr Spra ? pint 14.8 $3 13.3 
.1 pin 19,3" 11.3" 26.6 
Oy 64.8" 9.5" 16.6 
Emmi ( 0.0* 0.0 0.0 
91] 1.3 0.0% 0.0 
‘ 19.5 0.6 0.0 
Hostaquick 1.4 14.1 10.9 16.6 
1.3 8.3 53.3 
Pil 85.9 18.6" 3.5 
None 90.0 VY? 0 G3 

Application of fu September a October 

Single and double terist te that differer between indicated percentages and percentages of unsprayed 
checks are significant at 0 s1 

~ ’ rat ' ttn * 

Disease ratin , Numeral 5 in formula is rating of maximal disease category. 
cultural Spray wa pplied w-gallonage equip the pathogen. The successful demonstration of the 
ment at 4 pints per 100 ga rginal burning of the effectiveness of a method based on this principle is 

: ; i 
coffee leaves occurred of particular importance in tropical areas of high i 
. . ' 
Zine deficiency symptot e also accentuated it rainfall, where the maintenance of a protective lavet 
these experiments as the dry-season experi of fungicides on foliage is difheult or impossible. 
ments. Unfortunately the mercury eradicants that gave bet 
Other fungicides cont nereury or arsenic as — ter control than did copper protectants cannot at pres- 
active ingredients also shi promise in laboratory ent be used in coffee plantations because of a mercury 
and small field trial residue within the coffee beans. making them unsuit- 
Samples of coffee beans tal from. tree prayed ible for commercial use. Other fungicides may be 
in the dry and rainy sea were analyzed in. the found, however, that will have similar eradicant prop- 
laboratories of the United State kood and Drug \d erties without leaving toxic residues 
ministration Results of the test howed that 
“ H but : DEPARTAMENTO DE FITOPATOLOGIA 
~ é 1 SB ‘ ni 7) rf mere \ were tal ) 
ma ut signinca uM iTy wet und UNIVERSIDAD DE Costa Rica 
ig : 
in the beans Residu were i when applications VIINISTERIO DE AGRICULTURA E INDUSTRIAS 
were made before or durit t tormatior When pe Costa Rica 
AN 
trees with fruit ipproact furit were pu ed F ? 
UL NiTrp STATES OPERATIONS Misston TO Costa Ries 
, no mercury residue he bean, however AGRICULTURE AND NaturRAL Resources Braven 
’ fungicidal application vhet e fruit is approaching San Jose. Costa Rica 
maturity, September to N r. at the height of th 
rainy season, were fi rt east effective in. cor LITERATURE CITED 
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trolling jo de CLrark, A wp W. HL. Leoxanrp 1939 Analvsis of 
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{ METHOD FOR ISOLATING 
PLANTS SHOWING 
PEACH X-DISEASE, 

H. 


VIRUS-LIKE 
SYMPTOMS 
AND CHERRY 


H. Thornberry 


PARTICLES FROM WOODY 
ELM PHLOEM NECROSIS. 
RING SPOT 


OF 


SUMMARY 


{ method was developed for isolating virus-like 
particles from foliage of plants with viral 
It combined the principles of dilutive 


woody 
infections. 
extraction, clarification of extract by filtration, con- 
centration and partial purification by adsorption 
ind elution, and differential sedimentation by ultra- 


centrifugation. The dilutive extraction at pH 8.5 


favored solubilization of substances, and it also 
lowered the viscosity of the extractable materials 
from the tissues. The filtration at pH 8.5 for clari- 
fication allowed solutes and negatively charged 


particles below the size of bacteria to pass into the 
but the of 
positively charged particles, and gummy substances 
the Celite cake. The Celite cake 


filtrate. solids size bacteria o1 larger, 


were retained by 


for the adsorptive filtration of the clarified filtrate 
adjusted to pH 3.5 retained positively charged par- 
ticles and aggregates that were separated from the 
Celite particles by elution at pH 8.5 and by filtra- 
tion through filter 


paper. Final preparations fol- 


lowing differential sedimentation of such filtrates 
from both elm phloem necrosis and peach X- 
disease material contained virus-like particles 50 


mz in diameter. Similar preparations from cherry 


ring spot material contained 80-ms particles. A 


preparation from 1 species of leafhopper (Colla- 
donus geminatus Van D.) carrying the virus of 


western peach X-disease contained 50-mu particles. 
No 


tests made with the preparations 


observable infection resulted from infectivity 





\ search for procedures for the isolation of viruses 


or virus-like particles from diseased woody plants was 


undertaken for 3 reasons: 1) importance of woody 
plant virus diseases, 2) necessity for purified virus 
in certain studies, and 3) the scanty supply of pub 
lished information on this subject. It was aided by 
experience gained in the isolation of carnation mosai 
virus (1) from diseased tissues containing a low con 
tent of virus but a high content of hydrophylic sub 


stances that interfere with the extraction and purifica 
tion of this virus and in experiments on the filtration, 


virus (2, 


adsorption. and elution of tobacco mosai 
18) 


tivity 


In the absence of suitable assays for viral infec 
the search was guided by electron microscopy 
of the various fractions and preparations. This paper 


describes a provisional procedure based upon the find- 


ings. discusses briefly the problem and findings. and 
illustrates the virus-like particles isolated. An ab 
stract of portions of the paper has been published 
(20 The investigations were completed prior to the 
appearance of papers on the purification of viruses 
of stone fruits (11, 21). 

MarertaLs AND MeETHODs.—The virus-containing 
plant and insect materials were as follows: 1) elm 


phloem necrosis foliage from the younger portions of 
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collected 
2) peach X-disease 


of elm, Ulmus americana L.. 


at 


mature trees 


during May Urbana, Illinois; 2 
foliage from bushes of chokecherry, Prunus virginiana 
lL... collected during September near Oak Forest, IIli- 
nois: 3) cherry ring spot foliage from bearing trees 
ot Prunus cerasus ae 
May Missouri; 4) 


crosis virus vector, Scaphoideus luteolus Van D., from 
Ohio: 


cherry. collected during 


sour 


near Louisiana, elm phloem ne- 


and 5) peach western X-disease virus vectors, 
Colladonus geminatus Van D. and Scaphytopius acu 
The controls were 


the 


tus Say. from Washington. virus- 


free specimens of the species from 


the 
Celite filter cakes of 2 
the crude-juice clarification and the othe 


same same 


sources as virus-containing materials, 

sizes were prepared; one for 
for the ad- 
sorptive step in the isolation procedure. A slurry of 
approximately 10 per cent Celite powder (Johns-Man- 


No. 209—*Hyflow”) distilled fil- 


tered at approximately 635 mm Hg of negative pres- 


ville in water was 
sure in an assembly consisting of 2 filter paper discs 
(Whatman No. 1) Buchner attached to 
a suction flask. Approximately 100 g of air-dry Celite 
and a 15-em Buchner to 
the filter cakes and 
approximately 10 g of the powder and a 9-cm Buchner 
used to make the filter cakes for 
The lodged Celite com- 
pacted by pounding with a pestle. 
at the 


assure a 


in a funnel 


powder funnel were used 


prepare large for clarification, 


funnel were small 
p irticles 


junction 


adsorption. were 
handle end 
of the pestle was used the 


( ike to The 


remaining portion of the cake was compacted with the 


between 


and funnel water-tight seal. 
rounded end of the pestle to give maximal compact- 


The filter cakes 
were approximately thick, respec- 


compacted large and small 


12 


ness 


mm and 5 mim 


tively 








16 HYTO! 
Phosphate buffer wa ised to iintain the desired 
pH. Unless otherwise tated fer contained 0.1 
M disodium hydrogen phosphate diusted to pH ‘ 
with 0.1 or 1.0 N NaOH or H¢ 
Electron microscopy, wit! RCA rd EMB 
microscope at magnifc 1LO.000 O00 
was employed to detect ! rticle in imp 
he procedur 


of the 
Mounts were shadowed wit! 


preparation 


of the prep 


Infectivity tests were I cle vill ome 
rations. In the case of preparat tro elm phlo 
necrosis, both mech i pper-vector metl 
ods were used on culent ind foliage of 
young elm trees Some of ft preparation iro 
peach X-disease were plied mechanically to 143 
herbaceous plants Some ot the preparations trom 
cherry ring spot were applied chanically to th 
foliage of 6 herbaceous plant ding a supposed! 
local-lesion host. cotyledor her 

ISOLATION PROCEDURI he tion procedure 
consisted of 4 general step iffer extraction of 
ground or triturated ti larification of the 
crude extract by filtration ) tration and purl 
fication by adsorption and elut nd 4) differential 
sedimentation. The procedur developed from 
findings from purificative expe ents on the elm 
phloem necrosis materi ind ¥ later applied to 
the other materials without b odification. Trial 
procedures giving preparatior ] oid of virus-like 
particles were abandoned 1 those revealin sus 
pected part les were pursued and modified until sam 
ples of the preparations conta i reasonable dis 
play of particles as detected the electron mic 


scope. 


pl int tissues that 


Extraction was done on 200 


had been ground while froze: xr while cold in a 
household hand-operated food ler with a cuttin 
plate containing 10 orifices | diameter Two 
hundred ml of a 1.0 M solution of dibasic sodium 


added to the pulp and liquid. The 
idjusted to pH 8.5 
cloth bag by 


phosphate was 


mixture was stirred thoroughh 


and then strained through a cheese 
The strained liquid 


toatl volume ot 


wringing by hand. referred to as 


) 


crude extract. was diluted 


nsects were extracted in a simi 


Triturated tissues of 


lar manner but on a reduced 


Clarification of the crude was achieved | 
filtration as soon as feasible pH through a lars 
compacted Celite filter cake. TI removed particles 
approximately the size of cteria or larger and also 
most of the gummy substance lo facilitate filtration 
the nonfilterable solids and my substances were 
removed from the surfacs the filter cake by seray 
ing with a spatula that had | nd to a flattened 
end to provide maximal raping with minimal re 
moval of Celite particles. WI pproximately 200 
ml of the liquid had filtered filtration was dis 
rupted for removal of the filtrate from the sucti 
flask and for the adjustment of the liquid to pH 7.0 
This was done to reduce possible denaturation of viral 


PHOT 





Vol. 48 


OLY 


at pH 8.5 and to avoid the necessity of re- 
filtering the filtrate if the filter cake should break. 
The combined filtrate was adjusted to pH 3.5 for the 


particles 


adsorptive filtration. 
The :dsorptive 

done at pH 3.5 

cake and =U 


and Celite partic les were resuspended in 200 


filtration of clarified extract was 


with a small compacted Celite filter 


tion. The filtrate was discarded, and the 


residue 
ml of buffer at pH 8.5 for elution of virus and virus- 
like substances from the Celite particles. NaOH was 
idded with stirring to bring the suspension to pH 8.5. 
The eluate was separated from the Celite particles by 
filtration through filter paper in a 9-cm Buchner fun- 
nel with suction. The noncompacted Celite cake was 
resuspended in 200 ml of new buffer at pH 8.5 and 


combined and 


filtered as before. The filtrates were 
idjusted to pH 7.0 for centrifugation. 
The differential sedimentations consisted of con 


ventional procedures for the purification of viruses by 
centrifugation 
Liquids containing an appreciable number of bae- 


filtered Mandler 


candles at pH 8.5 to remove bacteria. 


teria were through bacteriological 


Phe flow chart (Fig. 1) depicts the entire procedure 
onsisting of 3 filtrations and the differential sedimen- 


tations. 

Resutts.— Particles obtained from each of the 3 
diseased plant materials were distinct and virus-like 
in size and shape. Representative particles are illus- 


trated in Figure 2. The particles from elm phloem 


necrosis material and from peach X-disease material 
were spheres approximately 50 mz in diameter. Those 
from cherry ring spot material were spheres approxi- 
Only 


material 


mately 80 me in diameter. indistinet particles 


amorphous were observable in 


material. 


some 


and 
mounts from healthy Spherical particles ap- 


observed in 


proximately 50 me in diameter were 
preparations from a small sample of viruliferous 
(peach X-disease virus) leafhoppers, C. geminatus. 


Only indefinite particles were observable in the prepa- 


rations from other viruliferous vectors, S. acutus and 
S. luteolus, and from nonviruliferous leafhoppers of 


the oO 


No recognizable 
peared on the plants used in infectivity tests with the 


spec ies. 

symptom of virus infection ap- 
final preparations from the 3 diseased plant materials. 
These final preparations weakly absorbed ultraviolet 
The 


protein o1 


preparations were 
for 


light in the region of 260 mz. 


not chemically analyzed 


tested = for 
phosphorus or nitrogen. 


The 


extraction ot 


DiscUSSION method has 3. salient features: 


dilutive aqueous soluble substances 


from the ground tissues, the clarification of the crude 
a Celite cake, and the ad- 
and 


juice by filtration through 


fractionation of amphoteric substances 


sorptive 


reduc ed volume or 


their subsequent elution with a 
buffer. Extracts processed through these steps are 
then suitable for ultracentrifugation, which generally 


is effective in fractionating particles (of virus size) if 














PHORNBERRY : 


January, 1958 


suitable conditions prevail. 


The dilutive extraction was necessary to obtain a 


liquid amenable for clarification, adsorption, and dif- 
Steeping the ground tissues, 


ferential sedimentation. 


Crude extract,2 liters 


F-1 (Clarification) 


Filtered through compacted large 
Celite cake at pH 8 5 with scraping 





[ | 
Residue discarded Filtrate adjustedto pH 3.5 


F-2 (Adsorption) 


Filtered through compacted smal! 
Celite cake at pH 3.5 





Residue and cake suspended in 
200 mi. of buffer at pH 8.5 and 
adjusted to pH 8.5 


F iltrate discarded 


F-3a(ist Elution) 


Filtered through paper pH 8.5, 
Celite not tamped 





] 


Celite resuspended in 200 Filtrate saved 
mi. of additional buffer at 


pH 6.5. | 
| 


F-3b(2nd Elution) 


Filtered through paper at pH 85, 
Celite not tamped 





—7 


{ 
Celite residue discarded. Filtrate saved 


Filtrates combined and adjusted to 
pH 70 for centrifugation 

C-! (Sedimendation) 
40,000 xG. for My hrs. at 5°C 





- 
Sediment taken up in 100 mi 
distilled water, stood overnight 
at 5°C., then to 200 mi. in O.1M. 
buffer at pH 8.5 and agitated 
gently for \Omin., then adjusted 
to pH 70,E M. sample 


C-2 (Clarification) 


5,000xG. for 1Omin. at 5°C 
1 


> 
Supernatant discarded after 
E.M. sample 





[ ~ 
Sediment discarded Supernatant saved E.M. sampie 


after EM. sample 
C-3 (Sedimentation) 
40,000 x G. for 4hrs. at 5°C 
-2 





7 
Supernatant discarded ofter 
E.M. sample 


1 
Sediment up in 20 mi. of 
water, agitated for |Omin, 
E.M sample 


c-4 —_ 


5,000 x G for |\O min 
= 


Sediment discarded after 
EM. sample 





Supernatant saved,E.M sample 


C-5 (Sedimentation) 
80,000 x G tor 2hrs at 5°C 





] 
Sediment up in 2m! water, Supernatant discarded cfter 


E M sample E M. sample 
Final preparation 
Fic. 1. A verbal and graphic flow chart that summarizes 


the purification procedures involving filtration and centrifu- 
gation. 





4 METHOD FOR ISOLATING VIRUS-LIKI 


PARTICLES 17 


200 g, in 2 liters of 0.1 M phosphate buffer at pH 8.5 
provided ample solubilization of substances, disper- 
sion of aggregates, and disintegration of coacervates, 
adsorptive complexes, or loosely bound complexes be- 
Dilution of 
the extractable liquid of the tissues to this extent 


tween substances and fragmented tissues. 


also reduced the viscosity of the crude extract sufh- 
ciently to permit its clarification by filtration. 
Clarification of the alkaline extract by filtration 


through the pores or interstices of the compacted 
Celite cake removed particles approximately the size 
of bacteria and larger by physical retention. Smaller 
particles should 


through the pores of the cake; presumably, the cake 


bearing a negative charge pass 


is negatively charged, since Celite particles are sili- 


cates and thus acidic in nature. Positively charged 





Electron micrographs of virus-like particles from 
4) From elm phloem necrosis material. 
B) From peach X-disease material. C) From cherry ring 
Particles of A and B are approximately 50 
are approximately 80 mu 


Fic. 2. 
diseased plants. 
spot material. 
mu in diameter, and those of ¢ 
in diameter. 
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part les adsorbable to the negatively charged Celite 
cake would not pass thro I he filter Viruses should 
appear in the filtrate because they are smaller than 


tively charged at pH 


bacteria and presumab! 


8.5, since the plant viruses tha ive been character 


ized as nucleoprote point far 


below this pH value 


j 


\dsorption ind ibse t lution primarily re 


duced the volume of the t though they also 
provided some fraction ill particle In the 
adsorptive step at pH e filter cake retained 
amphoteric substances that developed a_ positively 


geregated Into non 


charged surface 


filterable particles. Tl »wed other substances 


and the dispersing medium ft pass through into the 


filtrate, small 
amount of buffer retained 


which was dis lution in i 


ibstance 


by the filter cake reduced the vo ( msiderably for 
subsequent differential sedi ti 

The isolation of virus-like particles from diseased 
but not from healthy plant terials demonstrates an 


association of these particle with the diseases. Al 
though the particles are similar in size and shape to 
some viruses, they cannot be regarded as viruses, since 
their infectiousness w not demonstrated. The failure 
to obtain observable infection in the biological as 


says, however, does not prove that the parti les are 
noninfectious: similar tests with expressed juice from 
diseased plants have peer ! iecesstul lor these 
viruses, with the possible « ption of cherry ring 
spot virus. 

The finding of 50-mz part nh preparations trom 


virulife rous vectors 


both peach X-disease material d 
of the 


respective controls sugg 


using this disease but not from the 
virus-like par 


Certainly the bio 


virus ¢« 


sts that these 


ticles may be the X-disease 


logical differences between | nt material and the 
leafhoppers should be far greater than the differences 
Py 


either between diseased and healthy plant material of 
the same species or betwee liferous and non 
viruliferous leafhoppers of the me species. Failure 
to find virus-like parti irations from other 
viruliferous vectors may have ee due to faulty opel 
ations or to a content of vil too low for isolation 
and detection by the procedures ed 

Biological significance of the sociation of these 
virus-like particles with the diseases is questionable 
since noninfectious particle order of size have 
been isolated from plant tl il intectior 5 
So % Is Mk id iro. pl pposedly healthy 
is & 20; i. 15, 36 | 1 from plants with a 
disease but from which a | il agent has not beer 
transmitted experimentally ) iF ddition. enzy 
matically active spherical particl n the order of size 
of viruses have been isoleted fi presumably health 
plant tissues and cells: 20-1 rticles from. tissues 
of peanut cotyledon 14 5 particles from 
cells of a species ;y Phe pl nfs sup 
posedly healthy may. however ve unrecognized viral 
infections that are vet ndete ble because suitable 


HOLOCY 





| Vol. 48 


hosts or transmitting techniques are not known. 


parth les are 
diagnostic 
sional 


woody 


DEPARTMENT oO} 


The findings support a conclusion that the virus-like 


indicators of the diseases and thus have 
They 


guide for 


significance. also support a_provi- 


method as a isolating viruses from 


plants. 
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A NEW PROCEDURE FOR EMBRYO EXAMINATION FOR 
MYCELIUM OF SMUT FUNGI! 


W. 


Popp 


SUMMARY 


[The sectioning instrument used consists of a 
Spencer rotary microtome fitted with the following: 
1) a platform mounted in the knife clamp to sup- 
port the object being sectioned, 2) a _ device 
clamped in the jaws of the microtome head for 
holding the razor-blade cutting knife, and 3) a 
dial that fits around the shaft of the crank handle 
and serves as a thickness gauge. The material is 
cleared in a solution of 12 per cent ethanol contain 
ing 10 per cent potassium hydroxide, washed in 
water, treated with isopropyl alcohol containing 
10 per cent lactic acid, again washed in water, and 
then embedded in soap on glass slides by means of 


a glass ring that serves as a mold. Sections are 
cut singly; after the soap is dissolved in warm dis- 
tilled water and the water replaced with ethanol, 
the sections are stained and examined in 45 per 
cent acetic acid containing 0.2 per cent trypan 
blue. The fungus stains deep blue, the cell walls 
of the host stain light blue and the cell contents 
of the host remain clear. Although devised for 
rapidly demonstrating the presence of mycelium of 
Ustilago tritici in embryos of wheat grains, the 
method should be useful for other examinations of 
the morphology and distribution of fungi in plant 
tissues, 





loose smut fungus (Ustilago tritici (Pers.) Rostr.), it 


preliminary studies of the development of the 


was realized that a rapid method was required for 
demonstrating the presence of the mycelium in in 
fected embryos of wheat grains. Soap. rather than 
parafiin, appeared promising as an embedding me 
dium: since soap is water soluble, it was thought that 
little treatment of the tissue before sectioning and 
staining would be needed. A method satisfactory for 


these purposes has been devised. This method may 


also be of use in other situations where rapid prepara 
tion of sections is desirable. 

Apraratus.—-For sectioning. a Model 820 Spencer 
rotary micrctome is used. It is fitted with the fol- 
lowing: 


1) A device (Fig. 1, A). made of 0.103-in. sheet 
aluminum alloy and mounted in the knife clamp (Fig. 
2). that serves as a platform to support the object 
being sectioned 

2) A device (Fig. 1. B), also of 0.103-in. sheet 
aluminum alloy, that clamps into the jaws of the 
microtome head (Fig. 2) and to which is bolted the 


Accepted for publication July 22, 1957. 

Contribution No. 1615 from the Botany and Plant 
Pathology Division, Science Service, Canada Department 
of Agriculture, Ottawa. Ontario. 

*McClung. C. E. 1929. Handbook of microscopical tech 
nique. Paul B. Hoeber, New York. 4195 p 
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Fic. 1. Microtome fittings. A) Device that is mounted 
in the knife clamp and serves as a platform to support the 
object being sectioned. B) Device that is bolted to the 
cutting knife and clamps in the jaws of the microtome 
head. C)} End view of mounted cutting knife: 1) cutting 
knife and 2) mounting device 
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cutting knife (Fis ( ting of a razor 
blade in the spe holde ed for the _ 
tome. 

3) A circular rie i rd. I rked off in 
segments, that fit haft of the crank 


handle (Fig. 2) and thickne 


In use. the angle « 


manipulation of tl t of the 1 tome 


head. The instrur f vith the it it! 


| 


advancing mect 


ward movement o tre led 
by the hand whe ( ( 
to the initial and ' ‘ fected 


by the hand er 
in conjpunctior will Wa , ted ‘ 


hind it also serve { e. O; 





tion of the crank, { | ilu 


of 280 Fractior ted nronoayr Fic. 2. Modified Spencer rotary crotome {) Cutting 
: : | | = ’ f 7 , piatiorn ounted in the knife cla Dp, witl t microscope 
tionatetly nd ma ( f eterrin lide bearing the object to be sectioned mounted on top 
to the graduation ind fastened down with picture hanger clips. B) Cutting 
knife attached to mounting device clamped in the jaws of 
PREPARATION = : e miucrotl t head hee C.urculal piece of cardboard 
tracted by treatii irked off in segments and fitted around the shaft of the 
hydroxid ll rank handle to serve as a thickness iu 
aroxide l¢ ] ar ant 
ethanol containir hed de 
and he ited it ' ? , I, SECTIONING I he slick Is clamped to the support- 
(approximatel ng platform. Paper strips are lued to the slide on 
in The emby y (\.y 7 either —1de ot the block to pre vent the knife from 
in warm distilled Led for striking the slide The cutting blade is advanced to 
utes in heated 30) ' 1 meet the side of the block facing the operator. Manip- 
cent lactic acid. ‘I t} taine lation of the hand crank in a clockwise direction to a 
in a 0.1 per cent f t a nd predetermined point on the dial now determines the 
then given two 15-1 rn lictill thickness of the section to be cut Although soap cuts 


water before bei well, thick sections (25-50 are most easily handled 
nd were most suitable for purposes of embryo exami- 


INFILTRATION 


. ° . nation 

in soaking the emb1 ; 

of high quality that | hot , STAINING The sections are removed from the knife 

water to the cor ; \ vith a dry brush and dropped into a small beaker 

of a little 95 ver cent sacl here the soap is dissolved away in warm distilled 
nol water. The sections may then be treated in any re- 


sults in ar opt 
After infiltratior = 


method that leaves 1 
reatment with 95 per cent ethanol. stained and ex- 


slide. A glass rin f 4] 


lired manner. For embryo examination, the section 


is mounted on a microscope slide ind, after a brief 


il De ee ot % ‘ imined in 45 per cent aceti or lactic acid containing 
water-soluble elu af a { 0.2 per cent trypan blue The fungus stains deep 
chamber and allow fe blue and the cell walls of the host stain light blue: 
half filled with the cell contents of the host remain clear 

a drop of melted ‘ I I ted @1 DISCUSSION The above method has been used on a 
bryo is placed o1 ow oriented variety of diseased tissues (Fig. 3, A, B), and in each 
and the chamber is f brit vith melted instance the presence of the fungus was satisfactorily 
soap. On the followir | : nt free demonstrated There are certain limitations to the 
from the block and ren ed T} slide nd the em- method, howevet Serial sectioning. for example, is 
hedded embrvo are tl ~ = tedious, since each section must be handled individu- 


enough to cut illy. Some materials may tend to disintegrate after 
the soap is removed: this can be partially overcome 


-y J by affixing the sections to a slide and then removing 
*Popp, W 1951 lr t nd 


wheat and barley in relation ent of | e smut ne soap 
Phytopathology 41: 261-27 
*Simmonds, P. M. 194 D n of the loose smut * Bodijn, K. B. 1956. Trypan blue as a stain for fungi 


f 


ungi in embryos of bar Sci. Agr. 26: 51-58. Stain Technol. 31: 115-116. 
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The method works equally well with fresh, dried. tioning with a rotary microtome. The procedure 
or preserved materials, provided that delicate objects should be of advantage in any studies that entail rou- 
are treated in the clearing solution of potassium hy tine examinations of the morphology and distribution 
droxide in ethanol only at room temperatures. Com of fungi in plant tissues. 
pared with the standard paraffin method, less process 
ing is required and the possibility of excessive harden PLANT PatHotocy LABORATORY 
ing is avoided. Moreover. the ethod makes possible Winnipec, MANITOBA, CANADA 
an inexpensive and flexibl ternative means of se 


ENVIRONMENT AND SORGHUM KERNEL SMUT 
C. H. Hsi 


st MMARY 


Previous studies have e] tedly indicated the emergence irrigation was observed to have affected 
itueece of environ! tal conditions on the infe the amount of infection by this fungus. Early- 
‘tin uf ettcatiees by the covered-kernel smut fungus irrigated plants produced considerably more dis- 

Sphacelotheca sorgl Link) Clint.. during the pre ease than the late-irrigated ones. Results from eX- 
periments in 1954 and 1955 substantiated the 1953 











emergence period. The relationship betweet pom observations. High temperatures following plant- 
emergence environment : fection, however, IS ing resulted in less smut than did moderate tem 
vet insufhciently understoo Under drouth condi peratures, regardless of soil-moisture conditions ex 
tions in eastern New Mes 1953, time of post isting before or after emergence. 
I 
Tapke (8) in 1948 rf mprehensive review treated with Arasan (50°. bis(dimethylthiocarbam 
of literature pertaining | onmental influences  oyl) disulfide) and included in the experiments. 
of the infection of sor lh overed-kernel smut Three monthly plantings were made on previously 
fungus. Sphaceloth: , k) Clint. Low soi irrigated land: these were made on May 1, June 3, 
temperature and moisture d id soil during ind July 2, 1954. Each planting was a separate ex- 
the pre-emergence pet d e to ii 9 periment and consisted of 4 rows of inoculated seed, 
199945 67 so of these Gndince 2 rows of inoculated and Arasan-treated seed, and | 
serious consideration | » fe ven to the post row of noninoculated seed. 
iia aS in pre Of each monthly planting. 2 rows of inoculated ' 
wedinn seed, 1 of inoculated and Arasan-treated seed, and ] 
of noninoculated seed were irrigated 2 weeks after 
During the dry summer st of Clor New the seedlings emerged. whereas the remaining rows 
Mexico, a field that had ; ted 2 weeks alter did not receive any irrigation water until 6 weeks 
the emergence of Redlai dlings produced later. 
many more smutted heads that eighboring field Smut counts were made and rechecked by the same 
irrigated 2 months afte anti Both fields received or different individuals after sorghum heading and 
exactly the same treatments except for the time of — grain formation in all rows were completed. The dates 
applying irrigation wate phenomenon led to of heading for plantings made on May 1, June 3, and 
the conducting of several! mtrolle experiments in July 2 and irrigated 2 or 8 weeks after emergence 
1954 and 1955. Results from these experiments. in were July 24 and August 12, August 20 and 30, and 
addition to the 1953 observation re contained in this September 16 and 24, respectively. 
paper. The amount of infection was expressed in terms of 
MATERIALS AND METHOD j mie i $O80 percentage, as calculated by dividing the number of 
The inoculum was collected from the heavily smutted Smutted plants in each row by the total number of 
field in 1953. Chlamydospores from crushed smut plants in the same row. 
belle were thoroughly mixed with the Redlan seed Experiments in 1955.—Materials and methods used 


: : F | s vear’s e rj nts ‘re similar se se 
except for the noninfested check. A portion of the '™ this year’s experiments were similar to those used 


in 1954. One more postemergence irrigation treatment 


artificially inoculated seed was subsequently surface 2 s 
(5 weeks) was added. Four separate plantings were 
‘Accepted for publication July 24, 1957 made on previously irrigated land on May 5. May 14, 

‘ , » ) ericultura ré me 10 ec . . 
Journal Series No. 112, Agricu Experiment Station, June 4, and July 1, 1955. Each date of planting was a 

New Mexico College of Agriculture and Mechanic Arts ; . - ‘ : ; 
Assistant Plant Path t New Mexico Agricultural separate experiment involving a 3 “ 3 Latin square 


Experiment Station design. 
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ResuLts.—Farmer’s { 153 Around 55 pet with 8 weeks) after emergence produced only slight 
cent of the total heads w itted in the field that differences in the total amount of kernel smut. 
was irrigated 2 weel ce of sorghum Discussion.—Sorghum covered-kernel smut is one 
seedlings. A wide { sympto! \ oD of the seedling smuts, systemic in nature. It is not 
served, ranging fro surprising, therefore, that any changes in the environ- 
nels to complete! mental conditions prior to the establishment of 

Less than 4 per cent of tl ts in the neighbor-  chlamydospores in the young florets of the host plants 
ing field that ¥ ;, | directly affect the ultimate phenotypic symptoms of 
(roughly 8 week ; oe" : infection The probable reason that postemergence 


ga Ws nlanted 
Though ! conditions e yet to receive proper attention may be 


field, sorghum pl I ere earl q ; ; 


that any conditions unfavorable for infection by the 


later in develo the { Saree : ; 
| : smut fungus usually inhibit sorghum heading or grain 
pate eariie! fro d 
. , formatior Only under irrigated conditions in a dry 
gence to oste t | , 
| season does deficient soil moisture during the post- 
than il , 
| emergence period become evident as a limiting factor 
n the late-irt i ‘ { 
! intectior 
mostly on your - +) , , 
. In the ite-irrigated field in 1953 heads of the 
Healthy head , | 
iin stall es iped smut, whereas those of the voung 


smutted one oO : 
branches (growing after irrigation) of the same plants 
were not mco}r 
1] aid not Differences between the growth rate of the 
eratly cleat t vere | if . > 
host tissues and that of the fungus mycelium (after 
smutted or the I 
' lat the resumption of growth made possible through the 
INnLermMmedaiate 


Experin 


tilabilitv of water mav have accounted for such 


lifferences in infection on the same plants 


planting ire cor \l ; 
it \ hicl | Relatively little attention in recent vears has been 
if Vas fil el : 
’ ‘ | en to the environmental influences on infection by 
lower than th I \ HH 
peratu f1] the sorghum kernel smut fungus. This may mean that 
send ti ch information is relatively plentiful and that the 
Ci ser he a] 
in tl J ; | diseast Cal bye successfully col trolled hy chemical 
if Wty | 
With the except t . P seed treatments With the continuous expansion ot 
cCOT ' 
lu 1 fror ' ] effective seed treatment both here and abroad and 
{ ce? ror ma I t i t i . 
fees ;' . with thre possible low vield be« iuse oft delaved matu- 
é ( emergence | ‘ j } 
did th rri ted | ritv. the use ot delaved postemergence irrigation under 
( Ost I { ed ' | é 
' dry conditions as a means of controlling kernel smut 


difference vere 


ent level is hoth impractical and unnecessary. 


No kernel smut res . When heavy infection is desired, such as in the 


} 


eee aoe ee er disease study or in a breeding program for smut re- 
lated and treated h A stance, early postemergence irrigation may be used 

The results of ti , for the purposes of obtaining high percentages of 
early postemergence ler drouth ndi- smutted plants or tor increasing the certainty ot ob- 
Meme had dehnit . ' taining an epidemic, if due considerations are given 
fungus. Hich tem } ; , : to the planting date. soil moisture content ind soil 


temperatures. Changes in soil moisture or other con- 


nificantly inhibited Lh is 
ture conditions existing bef i eaeaeaaeeeaes ditions during the postemergence period may be help- 
Experiment : il in our understanding of the complete developmen- 
pertmel 5 4 ; il ] if ? 
the ummer f 19 {y , Cs tal process Ot system plant diseases other than cov- 
Su er o e eff of d 
cr > ker el “IT ot si) Im 
ferent posteme! Heavy ered-k ut rehur 
rainfall after the Ju le tl slanting 
useless for compar! | t t ri ; . p 
: : New Mexico AGRICULTURAL EXPERIMENT STATION 
tion treatments PLAINS SURSTATION 
As shown in Figure 1, B lanted sor had Ciovis, New Mexico 
significantly larger kernel s t 1 did 
that planted later ” , Differences n the LITERATURE CITED . 
amount of infecti hetweet postemergence 1. Kurkarni, G. S. 1918. Smuts of Jowar (Sorghum) in 
pe : farete the Bombay Presidency. Agr. Res. Inst. (Pulsa) 
Irrigation treatments within t e date of ianting Bull. 78, 26 p. 
were not statisticallh nif t owever, rows Irrl- 2. KuLkarnt, G. S. 1922. Conditions influencing the dis- 
gated 2 weeks after eme , tently ontained tribution of grain smut (Spha¢ elotheca sorghi) of 
: : ' Jowar (Sorghum) in India. Agr. J. India 17: 159- 
higher percentages of smutted ints than did the 162 
late-irrigated rows. Ir1 tior veeks (compared 3 Levxer, R. W. 1943. Chemical seed treatments for the 
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THE EFFECT OF ENVIRONMENTAL FACTORS AND PLANT AGE 
ON THE INFECTION OF RICE BY THE BLAST FUNGUS, 
PIRICULARIA ORYZAE 


Robert P. Kahn and John L. Libby 


\ quantitative bioassay was utilized to assess the 


; 
aif 


effects of plant age and various environmental 
tors on the infection of Caloro and Zenith rice leat 
blades by Piricularia oryzae. Infection occurred 
hetween 60° and 95°F in dew cabinets with 16-20 
hours of dew exposure; the optimum was 80° or 
85°. The minimal periods required to initiate in- 
fection under dew-cabinet conditions were 10 hours 
Bo. kez hours at 70°, and 14 hours at 65°. Phe 


uppel surtaces ot leaf blades were twice as susce] 


ile as the lower surfaces. With increasing age 
of plant, leaves, or portions of the leaf blade, there 
was progressive decrease in susceptibility to in- 
fection. On susceptible varieties, leaves older than 
8-10 weeks were resistant Leaves of susceptible 
plants grown on non-flooded soils were more sus- 
ceptible to infection than were leaves of plants 
srown on flooded soil. Greenhouse-grown plants 
were more susceptible than field-grown plants of 


the same age. 





Although the blast disease of rice. caused by Pu 
aria oryzae Cav., has usually been considered of 
minor importance in the United States, severe epiphy 
totics have occurred recently at Belle Glade, Florida, 
and in Louisiana (6). Hence, the blast disease may 
potential threat to rice in the warmer and 
more humid areas of the United States 


represe nt 


Despite the extensive literature dealing with the 
effect of environmental factors on infection, there 
appear to have been no critical studies in which only | 
factor was varied while others were held constant. 

The investigations reported herein were undertaken 
to provide basic information concerning the influencs 
of environmental and other factors on the infection 
of rice. The quantitative procedures and equipment 
developed in this laboratory (7, 16, 17) were utilized 
[It is conceivable that such information in conjunction 
with an analysis of climatological data from the rice 
growing areas of the United States could assist i 
predicting where and under what conditions blast 
might represent a threat to the rice crop. This type 
of information might be useful also in suggesting cul- 
tural practices that would reduce the severity of blast 
epiphvtotics 


Accepted for publication July 26, 1957. 
*Communication from Dr. Paul R. Miller, Agricultural 
Research Service, Beltsville, Maryland. 





REVIEW OF LITERATURE.—Previous investigations 
have utilized natural epiphytotics or artificial spray- 
inoculation procedures in studies on the effect on in- 
fection of plant age, nutrition, cultural practices, and 
environmental factors. It has been reported that 
leaves of seedling and early-tillering plants are more 
susceptible to infection than are those of older plants 
2, 5, 8, 9, 22, 23, 25 


5, 3, 25) and that leaves of plants grown 


in dry soil are more susceptible than those of plants 
grown in flooded soil (9, 10, 15, 20, 26, 27). In some 
of these investigations, plant age or rice cultural meth- 
ods were related to various morphologic character- 
istics, such as relative number of stomates or thick- 
ness of the epidermal layer, in an attempt to differ- 
entiate between susceptible and resistant varieties. 
Studies of the silicon content of the plant or its parts 
(3, 12, 13, 18, 24, 26, 27, 28, 29, 30, 31) and the avail- 
ability of nitrogen in the soil (3, 9, 19, 26, 27, 31) 
have led to the general, though not unanimous, conclu- 
sion that high silica content and/or low nitrogen avail- 
ability are associated with resistance. 

The influence of temperature and moisture on in- 
fection also has been considered by some investiga- 
tors. Hemmi and Abs 11) found that an air tem- 
perature of 72°-82°F favored high infection and that 
the minimal exposure to moisture required to initiate 
infection at these temperatures was 6-8 hours. Ander- 
son, Henry, and Tullis (5) reported that infection was 
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TABLE 1.—Culture numbers, pl ologic race numbers, and 
varieties of rice used 
Race" Culture number Test variety 
] 635 Zenit! 
o 603 Caloro 
3 610 Caloro 
} i ( aloro 
6 147 ¢ aloro 
7 16 (Caloro or Zenith 
8 (70 Caloro 
9 Q)7 Caloro 
1] 923 Caloro 
"Races | and 2 described | Latterell et al (14) The 
other races were also rientihed Dy | itterel] and coworkers 
(unpublished data) 
"Zenith and Caloro mature in approximately 120 and : . 7 ‘ 
. Fic. 2. COs pistol, showing muzzle extension designed 
130 days, respectively, during su er onths in the ereen A 
“om Haley re to direct the discharge through a hole in the center of the 
— — hafle plate. (U.S. Army Photograph.) 
> ) ) 
maximal between 72° and it 16-24 hours of | served that temperatures between 68° and 90° were 
exposure and that infection did not oceur on leaves — conducive to infection but that the optimum was be 
exposed for less than 10) hou Hashioka (9) ob tween 79° and 82. Nishikado (21) reported that the 


optimal temperature for the growth of the fungus on 
agar was between 80° and 84 

MATERIALS AND MeETHODs.--Isolates of the = blast 
fungus and varieties of rice Several isolates of 
Piricularia oryzae were utilized. The culture numbers 
and race identifications of the isolates and test varie 
ties of rice are shown in Table 1. 

Rice culture.—Plants were grown in 14-gal. pots 

under greenhouse and field conditions on Duffield silt 
loam either in flooded or nonflooded culture. Flooded 
conditions were provided by maintaining the water 
level 3 to 6 in. above the soil in pots located in tank 
type benches in the greenhouse or in travs (2 ft. 
8 ft. 10 in. high) in the field. The water was 
changed 4 to 6 times per month. Plants were ferti 
lized with soluble 15-30 015 fertilizer at 30-day inter 
vals beginning at a plant age of 6 weeks. 


Bioassay. Inoculations were performed by expos 





ing leaf laminae to uniform spore deposition in a 
modified form of the settling tower (Fig. 1. Ad de 
scribed by Bell et al (7) and Miller (16).%) The in- 


oculation apparatus consisted of a wooden base cabi 


net (6 6 3 ft. high) housing a turntable and 
supporting a metal eylinder (5 ft. high and 2!'. ft. 
in diameter). The turntable (5 ft. in diameter) con 
tained at the periphery 8 tapering slots to accommo 


date 8 pots of plants in a horizontal position and to 
orient the leaf blades under the center of the cylinder 
(Fig. 1, B). The leaves were held flat by metal 
weights. Dry spores (usually 20 mg) were discharged 
into the tower by a CO, pistol (Fig. 2) provided 
with an adapter that directed the blast vertically up- 





Fic. 1. Apparatus employed to effect uniform spore 
depositions. A) Exterior view of settling tower. showing ward through a small hole in a baffle plate between 
base cabinet, baffle plate, and cylinder. B) Turntable, 
showing a portion of the plants in pots located in tapering 3 The authors wish to acknowledge the assistance of Dr. 
slots. In actual use, the turntable is centered under the R. D. Schein in ¢tandardizing the quantitative bioassay em- 


cylinder. (U.S. Army Photographs.) ploved in these investigations. 
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was maintained i Osit 
charge to intercept I 
present. The plate was th 
exposed to the spore 
which the test plant 
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dew cabinets, the plant 
house. At the end of 4.6 
on 10 cm of leaf blade i 


Following the 


verted to an area basis i 

experimental treatment 
Resutts.—Influ 

ture in the dew cabinet d 


of the infection proces nfl d 
of eyespot lesions (1 he 
showed that infection that 
into eyespot lesion 0 rred ove 
95°F. Maximal infect 

Influence of dew 1 
to dew at 80°F influenced 
tions that subsequently de 
The minimal period 
at 80° was 9 or 10 hou | 
creased with increased length of « 


up to 23-24 hours. At temperature 
longer than 10 hours we 
infection and the level of inf 
than at 80 After 
twice as many lesions « pl 
dew-cabinet incubatior 

Upper and lowe 
per surfaces of the youngs 
old Zenith or Caloro plant 
as susceptible to intection | : 
the lower surfaces (Tabl 

{ze of plant Susceptib 
fection decreased with incr ed 
6). During the winter mont] 
ceptibility of the vo ingest 
4-week old plants 1 
plant age up to 10 
11-24 weeks of ige wert 
grown in the greenhouse du 
came resistant at ipproximate 

{ze of leaves On plant 
approximately 9-1] weeks. tl 


leaf was more s iscept hye tt 


which in turn was more iscept 


older (Fig. 7) With inere 
ceptibility of each of the , 
leaves dex reased progressive] ry 
obtained in experiments where the 
leaf in days was known as report 


gations from this laboratory (30 
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hie wable bafth Paste 2.—Susceptibility of upper and lower surfaces of 
i p fter dis eal blades of greenhouse-grown Caloro or Zenith 
shot ht | rice to the blast fungus 
iit i. i hi 


ind the leaves 
Mean number of 


r Ii minutes, atte Age of plant lesions /cm’* 
dew cabinets at the time of 
i. a Race of Rice inoculation Upper Lower 
POSUTCs I i¢ . c 
pathoger variety (weeks) surtace surtace 
erred to the green 
, nt were counted ] Zenith 5 >.6 2.4 
} 5.6 2.8 
ints were Corl 
' 2 Caloro 3 2.0 1.2 
luate the various 4 4.0 L2 
> Caloro 3 28.0 12.8 
Phe tempera 4 14.4 4.4 
first 16 to 20 hours Mean 9.9 4.] 
the relative imber 
re Its with 3 races 
bse iently develoy 
r the range 60 t posed to the spore shower. Lesion counts were made 


1 at oO” or ¢ for the central 5-em portion of each region. The basal 
furation of exposure third of the blade averaged significantly more lesions 
e number erent than did the central or apical thirds. Thus, the most 
LO cyespot lesions resistant area was the apical portion, which is the 


oldest portion of the leaf. 


Vethods of rice culture.—Decreased infection with 


an increased age was obtained with greenhouse-grown 
ot periods 
plants on flooded and nonflooded soils and with field- 
et ro}. Initiation of 


was lower (Fi *" vrown plants on flooded ar nonflooded soils ( Figs. i 


8): however, the level of infection differed with the 


period there were 


hiected to the 20 type of culture. In general, leaves of plants grown in 


at 70° or 65°} flooded soil were more susceptible than leaves of 


if des he 1] 


. and 4-week is in agreement with reports in the literature. 


plants grown on nonflooded — soil This observation 
Simi- 
proximately twice larly, greenhouse-grown plants were more susceptible 


. or ) is were 


leaf blades to in TABLE 3.—<( omparative suse eptibility to infection by the 
blast fungus of basal. central, and apt al portions 
of the voungest leat blade on nonfloode d greenhouse- 


grown 4- to 5-week-old rice plants 


sed with increased Mean number of lesions/cm* when 
Leaves of plants fungus race and rice variety 
lé ive . plant were as indicated 
er Mm mitt ie Leaf | ide Race l Race 2 Race 
9 weeks area“ (Zenith) (Caloro) (Caloro ) 
given age up to “ae m6 24 64 
ngest or uppermost Central 15 18 65 
, 1 7) ) 59 
he next older one \pical I l2 « 
ible than the next LSD 5 19.9 11.2 1.6 
plant age the sus iy 29 0 16.3 0.4 
vest or uppermost > 1 1 } 4 
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ictual age of each counts were obtained from the central 5-cm portions of 
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to infection than were field-grown plants of the same 
age. Differences in the cultural methods and between 
greenhouse and field temperatures, however, may have 
altered growth rates so that plants of the same chrono- 
logic age were actually at somewhat different develop- 
mental stages. 

with in 


Discussion.—A decrease in susceptibility 


was demonstrated with several races of 


Zenith 


plants, leaves. and leaf blade regions of different ages. 


creased age 


Piricularia oryzae on and Caloro rice for 
A preliminary survey by the authors shows that this 
response was also characteristic of several other race- 
Although the age 


be characteristic of rice varieties in general, the sam- 


variety combinations.4 response may 
pling conducted by the authors was too small to pre- 
clude the that there 
among the hundreds of named rice varieties. 


possibility may be exceptions 

The results with greenhouse-grown plants suggest 
that than 10 
hours at night temperatures above 70°F are favorable 
for the infection of leaf blades of susceptible varieties 
less than 8-10 weeks old. It note 
that severe epiphytotic s of blast in June-planted rice 
occurred in Belle Glade, Florida (1953-1956) during 
July and August 


exposures to moist conditions of more 


is interesting to 


when the night temperatures aver- 
and the periods 11-13 
April-planted rice escaped in 


aged approximately 70 dew 


hours. In general, the 


fection. probably because of the low night-tempera 


tures during most of the period of leaf susceptibility. 


measures based on 


Control cultural 


practices are 
suggested by the results herein reported. It is recom- 
mended in those U. S. rice-growing areas where favor- 
blast 


the area be 


able environmental conditions for during 
that all 


early in the growing season as possible. 


occul 


the summer rice in planted as 
This early 
planting procedure would insure that the period of 
leaf 


period when environmental conditions were not con- 


maximal susceptibility would occur during a 


Thus, the number of lesions on 
leaves, and hence the sporulating area. should be much 
The net effect 


would be to prevent or delay the increase of inoculum 


ducive to infection. 


smaller than on late-planted crops. 


and thus minimize the severity of any subsequent in 
fection during the heading stage. 
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PATHOGENESIS OF ROOT-KNOT NEMATODES TO THI 
PORTO RICO VARIETY OF SWEETPOTATO ! 
R Ky isber and & W. Nielsen 
SUMMARY 

Porto Rico sweetpotatoes were planted in soil in the stele in the region of cell elongation, in the 

naturally infested with M dogyne incognita cambial zone, or in the parenchyma, depending 

acrita to study the path of this nematode in upon whether the infection court was young root 

sweetpotato. An inocul ferential was estab tips, lateral root ruptures. or crack surfaces, re- 

lished by applying D-D impregnated on vermiculite spectively. Nematode feeding stimulated the for- 

in the row to one half of the randomized plots. mation of several atypical tissues: giant cells, “‘ab- 

Che influence of the pathogen on plant growth and normal xylem,” hyperplastic parenchyma, and cork 

the histopatholo eal I f in the root system Giant cells were initiated first. Cork formed about 

were studied by harvestins d examining plants mature females and their egg masses and was most 

from replicated plots at 2-week intervals after abundant in roots from late harvests. In roots 

planting Three major infection courts were evi undergoing secondary growth, constrictions devel- 

dent, i.e. young root tip teral root ruptures, and oped at sites of numerous infections, particularly 

the surfaces of k \ penetration, the se iround lateral roots. Root cracking was also cor- 

ond-stage larvae migrated intercellularly and intra related with these lateral root infections, and 

cellularly to the site of feedin ind of subsequent cracked roots were numerous in late harvests. 

nematode growth. The site of feeding varied with Young plants heavily infected had small roots and 

the infection court Lar me to rest pru irils tops: the roots had numerous cracks 

Root-knot nematod: V gyn p infeet cent years, root cracking has been associated with 
sweetpotato (/pomor Lam but litthe nematode infection. Root or “growth” cracking is also 
is known of their ir wing plant. In re associated with host nutrition and soil moisture rela- 
tionships. The objectives of this investigation were 
Accepted for pu 9 19 to study the role of root-knot nematodes in plant and 
Published with the pre f the Dire is Paper root development and the histopathology of patho- 

No. 823 of the Journal 5 rie N th Carolina Agri renesis and root cracking in Porto Rico sweetpotato, 

cultural Experiment Station. Dr. J. N. Sasse ntere Vl ae tn ; 

and encouragement ee nate Oost reports on nematode Injury to sweetpotato are 


fully acknowleda: 


based on field observations. Elliot (6) and Poole and 
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Schmidt (14) observed independently that sweetpotato 
vields were curtailed by root-knot nematodes. Nielsen 
and Sasser (12) obtained greater yields in infested 
sandy and loamy soils treated with 1,2-dibromoethane 
or with D-D (1,3-di hloropropene; 1.2-di hloropro 
pane) than in nontreated soil. Weimer and Harter 
(18) found that nematodes caused considerable loss 
of sprouts in seedbeds, but that losses in the field 
were not serious. Scott (16) and Ogle (13) suggested 
that nematodes may contribute to root cracking. Mul- 
lin (10, 11) was able partially to control cracking by 
fumigating soil heavily infested with root-knot nema- 
todes. and this was confirmed by Nielsen and Sasser 


(12). Several workers reported differences in varietal 
susceptibility to root-knot nematodes (4, 8 14, 17, 
8). The Porto Rico variety is rated fairly resistant 
to the organism (14). Shibuya (17) found that root- 


knot larvae entered root tips of both resistant and sus 
ceptible sweetpotato varieties in large numbers. 
MATERIALS AND METHODS.—A field of sandy loam 
heavily and uniformly infested with Meloidogyne in 
cognita acrita Chitwood 1949 was selected for study. 
Sweetpotatoes grown in this field the previous year 
developed severe symptoms of root-knot nematode in- 
jurv. and assays of seattered soil samples prior to 
fumigation for the present study averaged 535 larvae 


per pint. A portion of the infested area was divided 


into 4 consecutive 50-ft. blocks separated by 15-ft. 


Fic. ] Morphology of root-knot-affected sweetpotato roots 
after planting. B. C. D) Enlarged roots from fifth harvest 
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alleyways. To establish an inoculum differential in the 
soil, 1 row of each pair, randomly selected, was 
treated with D-D (in the row at 10 gal. per acre) im- 
pregnated on vermiculite (12). All plots were set 
with Porto Rico sprouts approximately 12 in. apart in 
the row 24 days after fumigation. 

Nematode populations, root infection, and disease 
development were followed by harvesting at regular 
intervals starting 18 days after planting. Plants in | 
randomly selected pair of rows from each block were 
dug and transferred to the laboratory for examination. 
\ composite l-pint soil sample for nematode assay 
also was removed from each plot before harvest. Each 
soil sample was screened by the method of Christie 
and Perry (3) for all parasitic nematodes. Larval 
counts of M. incognita acrita were transformed to 
logarithms for statistical analysis. The interval be- 
tween successive harvests was 14 days except between 
the last 2 (Sept. 3 and 29), which was 4 weeks. 

Several categories of data were recorded from the 
harvested plants. The root system of each plant was 
severed, washed, and rated for root knot on the basis 
ot 0 no galls. l 
moderate galling. and 4 


») 


a trace of galling, 2 scattered 


galling. 3 severe galling 


(Fie. i, Ad, 


weighed and the enlarging roots counted. The number 


Tops and roots of each plant were 


of cracks per root system was recorded for the last 
t harvests and the number of cracked roots for the 





A) Galling in primary and in enlarging roots 4 weeks 
B) No cracks. C) Small cracks. D) Large cracks. 
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last 2 harvests. The relative yield of LU. S. No. 1 root weights also were transformed to logarithms be- 
potatoes was reco ded from the last harvest At each fore analysis. 
harvest, data recorded from individual plants in each . 
: a ' Nematode penetration and histological changes 
» » f replicatio vere summed ali tne ave . 
sreasmet ra _ | — 62 was wel within invaded roots were observed in root samples 
ages sit ecte to rio inadivses resh top in . . 
o" — ‘ collected from each harvest. Root-knot indices were 
the basis of selecting samples for the first 3 harvests 
r “— and root cracking for the remaining 4 harvests. Ex- 
4.0} = ~ = — 4 . ° P ° . 
A -4 = — aminations were of 2 types: 1) gross examination of 
~ s ~ } ° . ° ° ° ° 
o tissue involving relatively thick tissue slices in which 
> 30 é 7 f 
> a the positions. number, and stage of nematode develop- 
o, ment were recorded, and 2) detailed histological ex- 
Bon oe | amination of parafhin-embedded roots sectioned with a 
ol y | 
o , | microtome 
° o 
% li ling for g inati beg 
issue sampling tor gross examination was begun 
+ UA at the third harvest where enlarging roots were sam- 
o Py pled from root systems with indices of 0. 2, and 4. 
S aa / ; In the fourth and subsequent harvests, tissue samples 
0.9} ¢ ] were taken from roots with no cracks, with small 
t a s ‘ ‘ 4 ‘ + . . . 
0.8, 25 9 23 6 20 3 29 cracks. and with large cracks (Fig. 1. B, C. D). At 
JUNE suty AUG sePy each harvest, 25 roots from each of the 3 categories 
sa | of root-knot index or of cracking were selected. and 
B from each root a piece of tissue 1 < %4 4 in. that 
included periderm and cracks when present was ex- 
$00 cised from the side of the potato. Every piece was 
| sliced transversely with a razor into 40-50. slices 
| approximately 500 # thick and serially threaded on 
a» 8007 } a wire to keep them in natural order. Slices were 
3 killed and fixed for 24 hours in CRAF IIL (30 ml 1] 
° | per cent chromic acid, 20 ml 10 per cent acetic acid, 
| . - 
' 400} ; lO ml 40 per cent formalin, 40 ml water) (15) and 
Mi 
| . . . . 
z= then placed in 10 per cent ethanol containing acid 
= fuchsin (2 ml of a 1 per cent solution of acid fuchsin 
“ 300} per 100 ml of 10 per cent ethanol) for 3 hours at 
- . rare . ° 
x 10°C. The slices of tissue were dehydrated and 
oO : ‘ = 
w cleared by a short ethanol-xylol series and individu- 
z ; ; 
200} ally ‘ xamined, while mounted in xylol. with a stereo- 
scopic: microscope, 
Material for detailed histological examination was 
100 { obtained from roots at all 7 harvests. In addition, vine 
cuttings were planted in pots of field-infested soil in 
the greenhouse to obtain material for initial infection. 
° : Root tips from these vine cuttings were harvested 3, 
. ' - - 4, 5, and 7 days after planting. Five small root pieces 
JUNE AUG SEPT i lie ¢ ae ‘ ple B. ‘ | 
from each of the 6 categories used for gross examina- 
Fic. 2. A) Populations of root-Knot larvae in fumigated tion plus root tips from vine cuttings were killed, 
and nonfumigated soil in the presence of sweetpotatoes ee / 
; : ; fixed, and prepared for sectioning as described above, 
3) Average root and vine tops) weights of sweetpotato ; : 
plants grown in fumigated and in nonfumigated soil except that a slower ethanol-xylol dehydration series 
> 
Fic. 3. Histopathology of sweetpotato roots infected by root-knot nematodes. A) Cross section of infected root tip 
from a 5-day-old vine cuttin showing second-stage larvae (arrows) in center of the root (220). B) Root cross 
sections with mature nematode within lateral root traces. C) Cork formation (arrow) around nematode and egg 
mass from seventh harvest 0) D) Initiation of giant cells (arrows) around head of larva in root tip from a 
3-day-old vine cutting. Note granular cytoplasm near head of nematode (X300). E) Gray-staining protoplasmic 
strands (arrows) in 2 giant cells converging to head of nematode (n)—fourth harvest (300). F) Deep green-staining 
projections in giant-cell lumen beside nematode (n)—seventh harvest (80). G) Massing of nuclei in giant cell: 
Pp, pyriform nucleus; nm, elongate nucleolus—fourth harvest (740). H) Mitotic nuclear divisions (arrows) in giant 
cell from root tip of 7-day-old vine cutting (850). 1) Collapsed giant cells in root (arrows)—-third harvest (60). 
J) Crack directly above group of giant cells near lateral root traces—fifth harvest (40). K) Giant cell with con- 


tiguous hyperplastic parenchyma (P) toward the periderm (top of picture), centripetal abnormal xylem (ax), and 


}} 


lysis (1) of hyperplastic idijoining giant cell (ec)—fourth harvest (« 120). 
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was used. Tissues were embedded in Fischer Tissue 
mat (melting point. 54 —~56 ¢ ind sections 12 
thick were stained with safrar ind fast green 
EXPERIMENTAL RESULTS Vematode populations 
Larvae of M. incognita acrit ere most numerous in 
the soil samples. It was regarded as the principal 
nematode pathogen present. In addition, specimens of 
Trichodorus christiei Allen averaged 100 per pint of 
soil on August 20 and afterward. Previously, the num 
bers were much smaller \ few nematodes of the 
genera Xiphinema, Helicotylenchus, and Tylencho- 
rhynchus also were present. The numbers varied from 
1 soil sample to the next and the species were not 
determined. Fumigation reduced considerably the ini 
tial nematode population (Fig. 2, A). As the season 


progressed, populations increased in both treated and 


nontreated soil. There were significant differences in 
larval populations up through the third harvest but 
none thereafter. The populations reached a maximum 
of approximately 10,000 per pint of soil near the first 
of September and then slowly declined for the re 
mainder of the season 

Influence of nematodes on plant growth.—Root-knot 


indices were consistently |: throughout the season 


reel 


on plants grown in nontreated than on those grown in 


treated soil (3.2 vs. 1.8. respectively). Little variation 
occurred in the relative indices through the season 
even though the nematode populations were similar 


during the latter part of the season 

Plant growth was greatly curtailed by nematode in 
fection. Roots and tops of plants grown in treated soil 
were larger than those grown in nontreated soil (Fig. 
2, B). In the fourth and subsequent harvests, the dif 
ferences in root weights became increasingly greater 
as the season progressed. Also. the tops of plants 


from treated soil were larger than those of plants from 
the differs ncees 


the second harvest, and top weights reached a 


nontreated soil; became apparent in 


max! 


mum 2 weeks later than did those of plants grown in 


nontreated soil. The subsequent decline in weight of 
tops from treated soil was parallel with that of the 
controls. 

Plants from treated soil had more enlarging roots 
with fewer cracks than did those from nontreated soil. 
The differences were fairly constant throughout the 
season. There were more cracks on roots from non 
treated than on those from treated soil for harvests 
5, 6. and 7 but not for harvest 4, in which cracking 
first appeared. At the last harvest 15 and 50 per 


cent of the roots of marketable size from treated and 


nontreated soil, respectively. were cracked, and the 
average vield of | S. No. 1 potatoes per plot was 


18 lb. and 7 Ib., 
Correlations also were computed between root-knot 
There 


respe ( tively 


indices and various growth responses were 
significant inverse correlations between root-knot in- 
dex and each of the following: top weight. root 


\ 


positive correlation occurred between root-knot index 


weight, and number of enlarging roots. significant 


A 
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of cracks and between the index and 


number of cracked roots per root system. 


and numbet 


Histological studies ——1) Infection courts.—Primary 


root penetration by second-stage larvae occurred at 
the tips of young roots in the region of tissue differ- 
entiation. Larvae were observed to enter anywhere 


from the root cap back to the region of root-hair for- 
mation. Many the 
cells close to the apical initials. Over 20 were found 
in | cross section of a root tip from a 5-day-old vine 
(Fig. 3, A). 


through 


nematodes were present among 


Larvae moved primarily inter- 
the intracellularly 


through the vascular tissue. 


cutting 


cellularly cortex and 
Larvae apparently move 
rapidly through the cortex, as few were found in this 
tissue whereas they were numerous in the stele region. 
Evidence that larvae entered roots over a period of 
the observation that nematodes 
9 


time was obtained by 
found the 
were not always associated with giant-cell formation. 


in vascular tissue 2 cm from the root tip 


Giant cells are initiated within a few hours after in- 


fection. 

\ 
through the loose ruptured cells of enlarging roots 
that had 
penetrating these lateral root ruptures were observed 
through the sixth harvest. In 1] 
proximately 25 second-stage larvae were observed in 


second major nemetode penetration occurred 


where lateral roots emerged. Larvae heen 


piece of tissue, ap- 


the ruptured cortex and apical bud beside a lateral 


root trace (Fig. 4). From 10 to 40 nematodes in all 


— RUPTURE ——————, 








Fic. 4. Penetration of lateral root rupture by second- 
stage larvae. Composite camera lucida drawing (50), 
from 3 serial sections, showing positions of nematodes as 


they pass through periderm (PD) rupture, along lateral 


root traces (LRT), through cortex (CO) into lateral bud 
(LB), and toward parenchyma in region of cambium 
(Gua). 























January, 1958 KRUSBERG 


stages of development frequently were found in tissue 
surrounding lateral root traces in both cracked and 
noncracked roots (Fig. 3, B). 
nematodes found in enlarging roots, 


The great majority of 
with or without 
cracks, were associated with lateral roots. The nema 
todes were distributed from just beneath the periderm 
to deep in the vascular tissue and from among tissues 


of the root to 2-6 mm longitudinally in the 
enlarging root. 


\ third 


face of root cracks. 


lateral 


broken 


Infection resulting from this type 


major infection court was the sur- 


and un- 
Nematodes that en- 
tered crack surfaces were found singly rather than in 


of entry was obvious when cracks were large. 


certain when cracks were small. 


groups. Single larvae penetrated the crack surface 


at random from just beneath the periderm to the 


Most ot the 
diameters of the 


very base of the crack deep in the root. 
10 cell 


crack surface, but a few penetrated as much as 1 cm 


nematodes remained within 


into the roots. Penetration through the crack surface 


was observed during the entire period that cracking 


was found but became more abundant as the season 
progressed. In the seventh harvest. over 25 of the 
nematodes observed in roots with large cracks were 


not associated with lateral roots. In these roots, 62 


nematodes were associated with lateral roots and 137 


in crack surfaces in the 25-in. tissue sample examined. 


Other minor penetration sites were the periderm of 


enlarging roots and the tissues of lateral roots. Nema- 
todes found 1% in. or more from lateral root traces 


or from crack surfaces were interpreted as having 
Such 


consisted of 


penetrated the periderm. infections were infre- 


quent and usually single nematodes lo- 


cated anvwhere in the root but mostly in the cambial 


zone. In many cases, these nematodes may have pene- 


trated the root through lateral root ruptures and 
moved intercellularly to these scattered points. Occa- 


sionally. larvae appeared to have entered lateral roots 
and to have travelled through their vascular tissue into 


the enlarging root. 


Late in the growing season, eggs laid deep in root 


tissues hatched and the larvae invaded surrounding 
potato tissue. At the last harvest, egg masses were 


surrounded with layers of cells that gave a_ positive 


suberin reaction to Sudan IV. a reaction typical of 


cork tissue (Fig. 3. C). Although a few free larvae 
were observed among the eggs. none had penetrated 


the cork 


fourth-stage 


laver. In these older roots. some third- and 


larvae were observed mixed with egg- 


laving females. an indication that secondary infection 
had occurred. 


) 


2) Preferential Giant-cell forma- 


and the tis- 


feeding 1ISSUS. 
tion was associated with nematode feeding. 
sues in which these cells formed indicated those tissues 


fed upon by the nematodes (Fig. 3. D). Giant cells 


were initiated in differentiating tissues of primary 
roots, lateral reot and bud primordia, vascular and 


broken cells 
erat k 


area ot 
is the 


Hereafter. the 
ing will be referred to 


7 
expose d by cTacKk 
surtace 
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cortical parenchyma, secondary cambial zones, and 
tissues in lateral root traces. 
The distribution and development of nematodes 


within the root varied with the ontogeny of the root. 
In root tips, the larvae came to rest in the stele paral- 
lel with the root axis and with the head oriented to- 
ward the stem. In enlarging roots with concurrent lat- 
eral root development, the nematodes came to rest in 
bud primordia, secondary cortex, cambial zones, and 
cell 


often ex- 


located only a_ few 


crac k 


egg masses to the 


vascular tissues. Females 


diameters from the root or surface 


truded their surface. In mature 


roots, most nematodes were within 1 in. of the peri- 
derm. Most infecting nematodes in harvests 3 and 4 


were enlarging larvae, whereas in harvests 5, 6, and 7 


they were mainly mature females; however, second- 
stage larvae were observed in root tissues through 


the sixth harvest. 


On the basis of giant-cell initiation, vascular paren- 
chyma was a favorite feeding tissue for the larvae. In 
root tips, giant cells were formed before the vascular 
tissue had fully differentiated, but from their position 
they were initiated in xylem parenchyma adjacent to 
xylem vessels. First indications of giant-cell formation 
were found about 2 mm behind the root tip, although 
many second-stage larvae were closer than this to the 
apical initials. In small enlarging roots, giant cells 
were initiated at any point in xylem or phloem paren- 
chyma, but most were in outer xylem tissue. Some 
enlarging roots from the first and second harvests con- 
tained as many as 60 maturing nematodes per linear 
inch, and functional vascular tissue was almost absent. 
Although the head regions of the nematodes were in 
bulk of the swelled 
From the third 


harvest until the end of the season, the entire bodies of 


the vascular parenchyma, the 


bodies rested in the secondary cortex. 


nematodes initiating infections in vascular tissue were 
embedded in vascular tissue. In older roots, giant cells 
were occasionally initiated in xylem parenchyma be- 
tween existing groups of xylem vessels, and lateral ex- 
Nematodes that 
penetrated crack surfaces often initiated giant cells in 


pansion of giant cells was inhibited. 


the vascular or storage parenchyma just beneath the 
damaged tissue, and egg masses frequently protruded 
from the crack surface. 

Giant cells also formed in parenchyma cells in lat- 
eral root apices before the latter emerged from the 
primary root, in the cambial zones of enlarging roots, 
lateral root traces just inside the periderm, and in 
crack surfaces. 
secondary cortex frequently 


Infections in were 


found throughout the studies. Giant cells initiated in 


the secondary cortex often extended into the cambial 


zone and vascular parenchyma as they enlarged. In 


several instances the giant cells were entirely in the 
secondary cortex. 


> 


a) Formation ot 


cells. First 


giant-cell formation in infected root tips were a granu- 


giant evidences of 


lation of protoplasm and a swelling of nuclei in paren- 


chymatous cells around the head of larvae (Fig. 3. 
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D). Giant cells were initiated soon after infection 
Root tips from 3-day-old vine cuttings had many small 
giant cells associated with larvae 2 mm from the root 
apex. In these roots, several giant cells (4 to 9) were 
frequently associated with a ngle larva 


The granulation of cytoplasi iffected cells was 


first noticed near the nematode’s head. Upon enlarg 


ing. the giant cells filled with dense gray-staining 
cytoplasm that, at time formed thick gray cytoplas 
mic strands in the lumina and converged at the nema 
tode head (Fig. 3. F \s the nematodes matured. the 
cytoplasm stained light reddish and became more 


dense. After oviposition the nematodes either died or 
stopped feeding as the giant cell protoplasm olten 
degenerated and disappeared, especially in young en 


larging roots. where the giant cells usually collapsed 


Occasionally. no nematodes were associated with col 


lapsed giant cells. It was assumed that males were 


responsible for this phenome! mn. since males migrate 
from tissues at maturity whereas females are seden 
tary. Lack of a continual stimulus probably results 
in collapse of these cells where larvae developed Into 
males. In old roots, the glial cells often did not lose 
their cytoplasm. but the cytoplasm remained very 
dense and_= stained reddish-brow1 and the nucle 
appeared shriveled (Fig. 3. I 

Giant cells were multinucleate ind the nuclei 
varied in size, shape ind other characteristics 
Mitoses were observed young giant cell from a 
7-day-old vine cutting (Fig . H The nuclei were 
larger than those in normal cells, sometimes approxi 
mately 100 times larger Their shapes were spherical 


elongate. pyriform, or dumbbell: they sometimes pos 


sessed projections. The very large nuclei contained a 
large amount of colorless nuclear sap with some dense 
staining nuclear material. Giant cells contained around 
50 to several hundred nuclei either scattered or in 
masses. The masses consisted of nuclei aggregated 
around a very dense. deeply 1 staining, homogeneous 
core that apparently was nuclear material (Fig. 3. G 

Some nuclei appeared to have coalesced with the cen 
tral mass Aggregated nuclei were often) pyriform 
with the neck projecting towards the center of the 
group. Many nuclei contained 2 or more nucleoli. In 
dumbbell-shaped nuclei there was a nucleolus in each 


arm. The nis leoli i massed mu lei converged to 


wards the center. and some ippeared tree within the 
core. Some nucleoli were as large as normal nuclei 
and were variable in shape. | ung giant cells, the 
nuclei possessed definite nucle membranes, but in 
old infections they became hriveled and stained 
densely and the membrane » distinct 

Walls of giant cells varied siderably during the 
season. Young giant cells in root tips from 3-day-old 
vine cuttings had a green-staining wall or membrane 


except where the giant cells appeared to have been 


actively expanding. Their enlargement appeared to 
have resulted from the dissolution of adjacent paren 
chyma cell walls, from a_ fusio or trom multiplic a 


tion of protoplasm ind pbsequent deposition ot 


wall around the enlarged lumen. As nematodes and 


enlarging roots matured, the walls became increas- 
ingly thicker, except in the areas where more paren- 
chyma cells were being lysed. Walls of collapsed and 
empty giant cells were quite thick and stained deep 
red, almost black (Fig. 3. 1): 


cells associated with dead or 


however, a few giant 
nonfeeding nematodes 


had almost no walls. suggesting disintegration. 


Except for root tips and young roots, certain giant 


cells had green-staining, Isotropic. nonpectin (negative 
to ruthenium red stain) knoblike structures projecting 


(Fig. 3, F). 


regularly 


into the cell lumina These projections 


were numerous, were spaced around the 


walls, and appeared granular on the projecting sur- 
face. In some giant cells, they were detached from the 
wall. were spherical in shape. and were scattered in 


Walls. knobs. of 


these giant cells were anisotropic 


the protoplasm. exclusive of the 


Giant cells assumed various forms, depending in 


part on the enveloping tissue. Those surrounded com- 


pletely by xylem or cortical parenchyma were gen- 


erally elongate, with the ends projecting longitudi- 


nally from the head of the nematode. Giant cells from 


adjacent infections intermingled or coalesced. In] 


) 


instance, giant cells from 2 infections about 3> mm 


apart in xylem parenchyma were connected through 
a single narrow cell containing typical granular giant- 


cell protoplasm. Giant cells formed between xylem 


vessel groups were long and narrow, as lateral expan- 


sion was restricted. “Abnormal xvlem.” which is dis- 


cussed next. also inhibited expansion and altered 


morphology of the giant cells. Giant cells formed in 


secondary cortex were usually smaller than those in 


cambial or vascular tissues. In small roots, xylem ele 
ments were often crushed or flattened by expanding 


giant cells. 


L) Other aty pu al tissues \ type oft tissue desig 
nated “abnormal xvlem™” was associated with most 
infections (Fig. 3. K). Cells of this tissue were 


mostly devoid of contents, although a few appeared to 
contain nuclei. Abnormal xylem seemed to form di 
rectly from xylem parenchyma and was characterized 
by secondary wall thickenings of annular. reticulate, 
or pitted types. The cells assumed the shape of paren- 
chyma cells but with no apparent intercellular spaces. 
Some cells bordering abnormal xylem had secondary 
thickenings on that wall adjoining the abnormal 
xylem. This differentiation response around giant cells 
occurred in the vascular tissue, cambial zone. and se 
abundant around giant 


ondary cortex. It was most 


cells located in’ xylem parenchyma between vessel 


In older infections, some groups of giant cells 
Abnor 


were not 


groups. 
were nearly surrounded with abnormal xvlem. 
mal xylem. normal vessels. and = sclereids 
absorbed by giant cells and restricted their expansion. 
\ suggestion of abnormal xylem development was ob 
served adjacent to freshly initiated giant cells in root 


}-day-old vine cuttings. In young enlarging 


tips trom 
roots, abnormal xvlem was most concentrated around 
that part of the giant cell most distant from the head 
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of the nematode. The formation of these cells is 
apparently stimulated by nematode feeding, as they 
were not formed around a nematode body o1 egg 
mass. Occasionally, single abnormal xylem cells arose 
from any parenchyma cells adjacent to giant cells. 
Abnormal xylem was not always associated with nema- 
tode infection. In a few cases it was associated with 
necrotic lateral root traces in the absence of nema- 
todes and appeared to be a wound response. 

Nematode feeding also stimulated division of other 
parenchyma cells bordering giant cells. The paren- 
chyma-type cells produced were very small, densely 
protoplasmic, and irregularly shaped; they formed a 
dense unoriented mass lacking intercellular spaces 
(Fig. Zz K ). These cells were also concentrated close 
to the head of the nematode and were first noticed 
around giant cells in root tips of 7-day-old vine cut- 
tings. Hyperplastic parenchyma was formed wherever 
giant cells were’ found and apparently was produced 
from any type of parenchyma cell. Sometimes the 
masses nearly surrounded giant cells: if abnormal 
xylem bordered giant cells on 1 side. hyperplastic 
parenchyma was on the other. None was found around 
collapsed giant cells. The largest masses of hy per- 
plastic parenchyma appeared where giant cells seemed 
most active. especially in cambial zone and cortical 
infections. Several instances of these cells being in- 
corporated into giant cells were observed. 

Cork cells were associated with crack surfaces and 
nematode infections. Soon after a root cracked, cork 
formed, a few cell diameters beneath the exposed 
broken cells. It was first noticed around nematodes 
that penetrated root cracks in the fourth harvest; 
however. cork formation around nematodes was most 
abundant at the last harvest. Cork was found most 
readily around infections adjacent to cracks where 
active phellogen was present. Nematodes isolated by 
cork were mature, and contiguous host cells were ne- 
croth Similar nematodes located deep in the tissue 
were also walled off but only at the last harvest (Fig. 
3 CC). Actively growing larvae were usually not 
walled off. even at the last harvest. Loss of starch 
around nematode infections was similar to that near 
phellogen associated with cracks and other damaged 
tissue. This seemed to be a response to injury, since 
starch hvdrolvsis preceded the appearance of cork 
cells 

Enlargement of secondary cortical cells was associ 
ated with a few infections. Hypertrophy of cortical 
parenchyma cells occurred in root tips from 3-day-old 
vine cuttings when apical growth was inhibited by 
heavy nematode infection. In addition, the protoplas- 
mic contents of apical cells were greatly reduced. In 
most enlarging roots, even concentrated infections 
caused little cell expansion: in fact, meristematic ac 
tivity was probably reduced in the affected area as 
the roots became constricted. Most instances of en- 
larged cells were observed where nematodes had died 


or necrotic cells were present. Cortical-cell enlarge 
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ment was generally associated with cambial zone or 
secondary cortical infections. 

5) Morphological changes in primary roots.—-Nema- 
tode infections in primary roots caused swelling of the 
entire root through a combination of hypertrophy and 
hyperplasia of cells (Fig. 1, A). As mentioned above, 
heavy larval infection inhibited apical growth and 
caused swelling of root tips. Single nematode infec- 
tions caused small galls to form. As many as 60 en- 
larging nematodes per inch were observed in some 
primary roots, causing a general swelling in the in- 
fected region. 

6) Morphological changes in enlarging roots.—In- 
fection of enlarging roots caused either swelling, no 
visible effect, or root constriction. Occasionally, slight 
swelling of infected roots was visible in enlarging 
roots up to 1 em in diameter, but as roots continued 
to enlarge, areas of heavy infection became con- 
stricted. Cracking was frequent after the fourth har- 
vest and increased as the season progressed. 

Infected and noninfected lateral roots, cell enlarge- 
ment, hyperplastic parenchyma, giant cells, and the 
nematodes themselves all appeared at times to be as- 
sociated with cracking. Lateral root ruptures were 
directly involved with 83 per cent of the large cracks 
and with 98 per cent of the small cracks. Since only a 
small fraction of large cracks was examined, a higher 
percentage than the above could have been associated 
with lateral roots. Nematodes were associated with 90 
per cent of the large cracks, mostly in the crack sur- 
face, with 92 per cent of the small cracks, and with 
63 per cent of the noncracked roots; there was little 
variation in the percentages with regard to time of 
harvest. More nematodes were present in roots with 
small cracks than in roots with either large cracks or 
no cracks. There were no differences between nema- 
tode populations in roots with large cracks and those 
in roots with no cracks. Giant cells, enlarged cells, 
and hyperplastic parenchyma were observed directly 
beneath fresh cracks (Fig. 3. J). In areas of heaviest 
concentration in small cracks. nematodes generally 
were clustered around lateral root traces near the 
center or widest part of a crack, 

Discussion.—Although fumigation reduced the ini- 
tial number of nematodes in the soil, there were no 
differences between treatments after the third harvest. 
Throughout the season, however, plant growth was sig 
nificantly greater in treated than in nontreated soil. 
This indicates that heavy nematode infection in early 
season impairs plant growth for the entire season. 
Methyl! bromide fumigation may have provided a bet- 
ter differential in nematode populations than did the 
treatment with vermiculite impregnated with D-D as 
used in this study; however, the results obtained dem- 
onstrate that heavy infestations of soil by M. incognita 
acrita reduce plant and reot growth and increase root 
cracking of Porto Rico sweetpotatoes 

Many larvae entered the surface of large cracks. 
This possibly is related to the amount of fragile tissue 


exposed. Even so, larvae must be able to penetrate 
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HYtotl 


this tissue through the rk ce the largest numbers 
were found in the last | This is in contrast to 
the failure of larvae t pene ite cork around egg 
masses dee p in the root 

Many nematodes were fo i noncracked roots 
and no nematode nfection were tound in = some 
cracks. Factors other tha itodes also play a 
role in root cracking. It ible that turgor pres 
sure within the roots oht involved, as highly 
turgid roots have been observed to burst when jarred 
in harvest during cold weather: however. Oglk 13) 
found no differences in moisture content of cracked 
and noncracked roots. He further states that abun 
dant nitrogen and high soil moisture increased crack 
ing; these conditions produce high turgor and rela 


tively thin-walled cells plant If nematodes inhibit 
localized cell division it ict vrowing roots con 
tinued centripetal cell division and growth of undet 
lying tissues may caus i ipture through the less 
active, infected cortical cell Cracks were nearly 
always associated with infected lateral roots, and nor 
mal cell division and growth were undoubtedly im 
paired owing to the mar ie involved In addi 
tion, necrotic host cell ilW companied such in 
fections, Artschwager state that lateral roots 
are arranged in straight vert | rows in enlarging 
roots. Many of the longitudi: racks involved sey 
eral lateral roots. El-Kattar d Stark (5) postulate 
that cracks form because ilar tissue enlarges 
more rapidly than do outer t ies following a period 
of adverse environmental conditions 

Abnormal xylem was associated with both giant 
cells and necrotic cells in traces of sloughed-off lat 
eral roots. This suggests that these cells are formed 
as a response to injured xy varenchyma rathet 


than being peculiar to nematode tint however. 


and 


ections: 


development was massive around giant cells none 


was present in crack surface Giant cells seemed to 
influence abnormal xvien rar ition especially neat 
groups of xvlem_ vessels Abnormal xvlem_ interfered 
only with expansion of old t cells, since the nema 
todes were mature and laying eggs before abnormal 


xvlem reached its full development 


In most susé epts. intection by root-kKnot nematodes 
usually stimulates swelling of roots. but in enlarging 
Porto Rico roots constrictor more often observed 
than swelling. Small swell in primary roots 
caused by the growth and tion of the nematode 
are not visible in enla ng root In this variety. infec 
tion seems to inhibit rather 1 to stimulate hyper 
plasia in enlarging roots 

\ large population ot nematodes was never found 
in the center of large roots. even though small en 
larging roots often contained enormous populations. 
Occasionally, single ¢ ode rT i small oTroup Was 
observed in the center of mature roots. It is not un 
common, when assaving soils tor root-knot nematodes 
6-8 weeks after planting sweetpotatoes and = othe: 
crops, to find fewer larvae tl were present betore 
planting. It is believed that this paucity of free larvas 
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in the soil is due to their penetration of roots. Several 
more weeks elapse before free larvae are again found 
In the ot 


potential storage roots may form and escape 


in the soil in large numbers. case <weet- 
potatoes, 
heavy infection during this period of low free nema- 
tode population whereas similar roots formed the first 
week or so after planting are heavily infected and fail 


to enlarge to marketable size. 


The greenish-gray knoblike projections in giant 
cells are of interest. These were interpreted as a 
phase of giant-cell degeneration, although they were 
not observed in the degeneration of giant cells in 


young roots, 
Several investigators have studied the histopathol- 
ot root knot 


many of the phenomena observed in this study have 


Ogy nematode galls in other plants. and 


been described. Godfrey and Oliveira (7) reported 


that root-knot nematode larvae penetrated mainly the 


root tips of cowpea and pineapple, and that their 
heads came to rest in the endodermis or the outer 
periphery of the stele. Christie (2). working with 


root tips of tomato seedlings, made observations simi- 


lar to those made in this study on larval penetration, 


movement of nematodes through root tissues. giant- 
cell enlargement. morphology of giant-cell nuclei. and 


formation of xylem from parenchyma cells surround- 


ing giant cells. Christie referred to several papers 
that were not available for this review. In 1 reference 
(Tischler). mitotic nuclear divisions in young giant 
cells and nuclear division by amitosis or fragmenta- 


Linford (9) found 
that nematodes pierce giant cells during feeding and 
that the of the 


mature 


tion in older ones were dese ribed. 


substances extruded from stvlet 


He that 
in certain plant roots without the formation of giant 


cells, 


are 


nematode. further states nematodes 
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VIRUS INFECTIONS 


ihe E. Yarwood 


SUMMARY 


When the leaves and stems of ajple, bean, cow- 


pea, cucumber, peach and sunflower were im- 
mersed in water at 45°, 50°, or 55°C for 2 to 500 
seconds and weighed about 10 days later, the green 
weight of the plants was a good index of heat in- 
jury. The time of heating to produce 50 per cent 
Pinto 


beans was about 300 seconds at 45° at dawn. 30 


reduction (ED...) in the green weight of 


seconds at 50 at dawn, 72 seconds at 50 in the 


late afternoon, and 10 seconds at 55° at dawn. The 
growing points of plants were more sensitive to 
heat than were the primary leaves or cotyledons. 
Injury was greater when the plants were exposed 
to bright light immediately after 
when they were placed in darkness and was greater 
for leaves oriented toward the sun after heating 
than for leaves oriented away from the sun. 


heating than 


When beans. cowpeas, or cucumbers were heated 
for about 20 seconds at 50° 6 hours to 3 days after 


inoculation with tobacco mosaic, tobacco ring spot, 


spotted wilt, peach vellow bud mosaic, or apple 
viruses, the appearance of necroth lesions 
delayed. On heated plants, 


were larger and more numerous, and the number 


mosale 
was usually lesions 
of systemic infections was greater than in unheated 
plants. With peach ring spot virus on bean, lesions 
were never found on unheated inoculated leaves, 
but adequately heated leaves showed well-defined 
lesions. Systemic infection of beans with spotted 
wilt virus has rarely been observed on unheated 
plants but was commonly induced by heat. Heat- 
ing only the inoculated leaf, without heating the 
growing point or other parts of the plant, was usu- 
ally sufhicient to induce systemic infection. 

It is suggested that ordinary inoculations with 
viruses produce more local infections than lesions 
and that the appearance of more lesions on heated 
leaves than on nonheated controls is the result of 
the activation of these otherwise latent infections. 
All cases of heat activation of infection may be 
associated with heat injury to the host 





Samuel (6) found that when plants of Nicotiana 


glutinosa L. were inoculated with tobacco mosaic virus 
and held at 35°C, 


local lesions resulted, whereas when similarly 


systemic infection without clear 
inocu- 
lated plants were held at 28°, local lesions without 
systemic infection resulted. Kassanis (3) discovered 
that heating plants at 36° for 2 days before inocula- 
tion increased the numbers of lesions formed on these 
plants. Yarwood (7) reported that when bean leaves 
were dipped in water at 45°C for 60 seconds and then 
inoculated with tobacco mosaic virus, the number of 


lesions resulting was about 7 times that which oe- 
curred on unheated plants. 


In the present study, heat was applied to plants that 
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were already infected, and the heating was continued 
for only a few seconds, during which time no sig- 
nificant multiplication or development of virus could 
knowledge. 


have occurred according to our present 


The term “activation” is used to denote this trigger- 
like action of the heat treatments 


liminary results was published earlier (11) 


An abstract ot pre- 


Plants were grown in 4in. pots of soil 
fluctuated 
from a minimum of about 19°C to a maximum of 
about 30 


Metuops. 


in a greenhouse where the temperature 
and averaged about 22°. At about 10 days 
after seeding, the plants were heated in trials of heat 
injury or were inoculated in trials of the effect of heat 
on infection. In the heating, single attached leaves or 
the entire tops of plants were immersed in a 3-liter 


water bath held at the desired temperature by means 
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of an immersion heater At the end of the heating 
period, the plants were returned to the greenhouse 
bench. 


For trials of the effect of heat on injury to indi- 


vidual leaves, or on number. size, or time of appear- 
ance of local lesions, treated and control units were 
the opposite leaves of the same plant, and the value 
expressed as a percentage of 


trials of the effect of 


for the heated leaf was 
that on the control leaf. For 


treatment on injury to entire plants or on systemic 
infection, closely compat ible plants were chosen be 
fore treatment, and the values for the treated plants 
were related to those of controls in the same trial 
Because heat treatments had such profound effects 
on noninfected plants. and because heat injury could 
sometimes be confused with virus infection, it) was 


desirable to have heated noninfected and heated in 


fected plants in the same trial. In most cases, results 


of heating on virus infection were appraised on the 
basis of symptoms. With peach ring spot virus, how 


ever, the symptoms on peach and the early symptoms 


on bean were so indistinct in the early course of this 


work that it was necessary t issav these plants lor 


ring spot virus by means of inoculations on cucumber 


and even this test was not completely reliable. as some 
assay inoculations from infected plants failed. In 
some such trials no fe was detected in any 
plants, and such trials are omitted here 

Heat treatments sometimes resulted in an apparent 
increase and sometimes ir n apparent decrease in 
infection. If these valu ire expressed as a percent 


age ol the values for the unheated controls and aver 
aged arithmetically. a distorted value results. On the 
effect of 


distributed around the LOO per 


basis of chance, the apparent treatments 


would be randomly 


cent level. For example. a 2-fold increase in infection 


would be as likely to result as a 2-fold decrease. and 


the average would be no net change Yet if these 
values are converted to percentage (200 and 50 per 
cent, respectively ind averaged. the average value 
would be 125 per cent. To avoid this type of error 


the percentage values were averaged geometrically on 


a logarithmic scale 

With tobacco mosaic virus on bean. the number of 
lesions per leaf on the untreated leaves averaged 
about 25: with the other viruses, the number of lesions 
per leaf was usually less 

Whereas the quantitative data on heat injury in this 
report are generally expressed as percentage reduc 
tion in green weight. a rating method would be more 
rapid. Also, a rating method was essential for follow 
ing the time course of injury in the same leaf or 
plant. In 2 trials. a decimal rating scale of injury 
(0 no injury: 10 dead) was applied to plants 


immediately before weighing. The ED and the slope 


of the heat dosage response curve obtained by the 
rating method were almost identical to those obtained 


by the weighing method, and the rating method seems 


preferable for future studies 


RESULTS Heat tolerance of healthy fissues Heat 


injury was manifested as killing of tissues, changes in 


the orientation of primary leaves, stunting of new 


growth, and occasional mosaic-like patterns in the 


growth that occurred after treatment. On plants ex- 
posed to bright sunlight after heating, the upper epi- 
dermis was frequently killed whereas the lower epi- 
dermis appeared unchanged. Bean primary leaves that 
were heated during the day moved from the normal 
horizontal position down to an inclined or even verti- 
cal position, and sometimes the edges rolled upward. 

Representative data on heat injury from 2 groups of 
tests are given in Figure 1, and summary data of most 
trials are given in Table 1. The heat tolerances of 
bean, cowpea, cucumber, and sunflower were about 
In all of these, 
the heat tolerance was less in the early morning than 
For example, the ED_. (heat 
dosage for 50 per cent reduction in green weight) was 


equal as indicated by this method. 
in the late afternoon. 


about 34 seconds at 50 leaves at 
72 seconds at 


for bean primary 
5 a.m. to 9 a.m. and 5 p.m. to 10 p.m. 
This diurnal difference in heat tolerance is presumed 
to be due to the diurnal difference in the carbohydrate 
content of the tissues, but Laude (5) did not con- 
sider this explanation adequate. The heat tolerance 
of plants as measured by the green weight of the new 
growth several days after treatment was less than that 
as measured by the green weight of primary leaves or 
cotyledons. Presumably the younger tissue of the 
growing point is more sensitive to heat than is the 
older tissue in the primary leaves. 


The ED 


change of heat) 


and the slope (change in injury per unit 
of a dosage response curve should 
give all the essential information about it. The shape 
of these dosage response curves is not known with 
certainty, but is tentatively assumed to be a straight 
line on an arithmetic grid and is certainly close to a 
straight line over much of its length. The slope, eX- 
pressed as change in percentage injury per second of 
exposure to a temperature of 50°. was 2.5 for primary 
leaves heated for short 
9 a.m. (Fig. 1), 


leaves at 5 p.m 


periods between 5 a.m. and 
whereas it was about 1.3 for primary 


These about represent the 


to 10 p.m 





Fic. 1. Effect of duration and time of dav of heating on 
injury to beans 
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HEAT ACTIVATION OF 


VIRUS INFECTIONS 1] 


TaBLe 1.—Heat tolerance of plants subjected to hot-water treatments 


lime at which plants 
were heated 


Host 


Bean 5 a.m. to 9 a.m 


10 a.m. to 2 p.m 
5 p.m. to 9 p.m 


5 a.m, to 9 a.m. 
5 p.m. to 9 p.m 
9 p.m. 


Cucumber 


4 a.m. to 8 a.m 
5 p.m. to 9 p.m 


( Ow pe d 


Sunflower 5 a.m. to 9 a.m 


2 p.m. to 9 p.m 


Apple 10 a.m. 
Peach 7 a.m. 
4 p.m. 

extremes of slopes encountered at 50 At 45°C, the 


slopes were about 0.23: at 55 they were about 12. 


Heat 


heated in the 


injury was greatest when the leaves were 


morning and then exposed to 
dark 


until the following morning reduced injury. For ex- 


early 


bright sunlight. Placing leaves in a chamber 


ample, Pinto bean leaves heated for 50 seconds at 
50° at 9 April 
light estimated 50 per 
days and 90 per cent injury at 5 days, 


a.m. on 5 and then exposed to sun- 


showed an cent injury at 3 
whereas simi- 
larly heated leaves that were placed in darkness for 
24 hours showed 5 per cent injury in 3 days and 10 
trial, the final 


2.4 per cent 


per cent injury in 5 days. In another 
green weight at 11 days after heating was 
of that of the controls for leaves left in sunlight con- 
of that of 


20 hours after 


the controls for 
heat 


tinuously and 56 per cent 


leaves held in darkness for treat- 
ment 


Orientation of the leaves with respect to the sun 
following heating was important in determining the 
extent of the injury. Because bean primary leaves 
turned down as a result of heating, usually to about 
145° from the horizontal. the primary leaf on the south 
side of a heated plant received more sunlight than did 
the opposite leaf on the north side of the same plant. 
In 7 trials where heating was performed at 7 to 9 
a.m.. the heat injury of leaves placed in different posi- 
tions after heating was followed by the decimal rating 
method. The average injury rating for leaves heated 
30 to leaves oriented to 
the north, 4.7 for leaves to the northeast, 4.9 for 
to the east, 7.8 for the southeast, 6.0 for the south, 
5.6 for the 2.7 for the 3.9 for 


the northwest. The greatest injury for leaves oriented 


15 seconds at 50° was 3.4 for 


leave s 


southwest, west. and 


to the southeast probably is due to the fact that these 





( 


Seconds of heat treatment for 
90 per cent reduction in 


green weight (| ED») 
mpera 
ture No. of Primary leaves Growth beyond 
C) trials or cotyledons primary leaves 
15 } 430 205 
30 16 34 29 
35 6 6 5 
50 6 4 44 
0 i) 72 1) 
95 2 13 8 
50 9 41 17 
50 7 7 2h 
95 l 15 14 
0 2 32 
50 2 35 
15 2 450 
50 , : 38 
> 2 q 
0 6 60 
9 2 12 
0 ] 110 
50 ] 110 
90 l 140 


leaves were most exposed to the sun immediately after 
treatment. The 
growing in water cultures were much more tolerant to 


heat roots of beans and cucumbers 


heat than were the tops, but the phenomenon was not 
studied intensively. 

beans inoculated 
virus, alfalfa 


Vumber of lesions.—Heating of 


with tobacco mosaic virus, apple mosaik 
mosaic virus, peach yellow bud mosaic virus, or peach 
ring spot virus and heating of cucumbers inoculated 
spotted wilt virus, apple 


bud 


several hours after inoculation increased the numbers 


with tobacco mosaic virus, 


mosaic virus, or peach yellow mosaic virus at 


of virus lesions that subsequently appeared. Of the 
cases where some infections occurred without heating. 


the greatest increase due to heat was with apple 


mosaic virus on bean 


The 


tobac co 


studied 
Properly timed 


combination most extensively was 


mosaic virus on Pinto bean. 


exposures at temperatures from 31° to 55° increased 


the numbers of lesions that subsequently developed. 


Increases due to heating at 31° are less readily 


acceptable as activation as here defined, since 31” is 
about the optimum for virus increase (4); leaves must 


be held at 31 


generation times) in order for 


in humid air for several hours (several 


an increase in numbers 


of lesions to be clear. Exposure of leaves to 37° for 


Q hours in humid air at | hour after inoculation in- 


creased lesion development, but holding leaves at 37 


for 48 hours prevented subsequent manifestation of 


lesions, though the leaves were not severely injured. 
Holding inoculated leaves in humid air at 42° for 80 
minutes beginning | hour after inoculation increased 


the number of lesions that eventually developed an 
of 6-fold in 2 For 45 treat- 


the optimum exposure time appeared to be 


average trials water 


ments, 
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seconds t i) we rs after inoculation but 


about 120 


this was not clearly established. Even in 530 paired 
treatments at 50°. the results were extremely errati 
between replicates. Summary results of il] 50° treat 
ments are given in Figure 2. Heating at 50° immedi 
ately after inoculation decreased lesion formation by 
about 40 per cent for a 5-second treatment, 85 pet 
cent tor a 20-second treatment nd 98 per cent for a 
10-second treatment \t ifter inoculation (1 
trial), 10 seconds at 50 educed lesion formation by 
30 per cent, 20 seconds reduced it by 50 per cent, and 
10 seconds reduced it | oU per cent Heati g at 2.5 
to 5 hours after inoculation trials had no appar 
ent effect up to 10 seconds. but 40 seconds reduced 
lesion formation by about oU per cent Heating at 50 
at 5 to 10 hours after inoculation was optimum for the 
formation of lesions caused by tobacco mosaic virus, 
and 45 seconds at 50° gave bout 3 times as many 
lesions as appeared ot nheated leaves lreatments 
for 10 to 20 seconds at 10 to 24 hour ifter inoculation 
increased lesion formation | ihout 50 per cent, and 
treatments at 24 to 72 hour gave only doubtful in 
creases, 
At 14 hours itter neo iio il trial heating at 
(000 FT T T T 7 ames 
: 
600 - 
7] 


<a 


reat oe 


OF LESIONS ON UNHEATED LEAVES 
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Fic. 2 Relation of a of infection and duration of 
heat treatment to nu , ' hy tobacc 
mosaic virus on Pinto bean. Only the data points tor 9 
trials (28 pairs) of heati itely after inoculation 
are given. The other ire erages of a total of 502 


paired comparisons 
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55° for 3 seconds gave a 36 per cent increase in the 
number of lesions that subsequently developed, heat- 
ing for 6 seconds gave a 17 per cent increase, heating 
for 9 seconds gave a 17 per cent increase, and heating 
for 12 seconds (severe injury) gave a 69 per cent de- 
crease. The optimum duration of heating at the opti- 
mum age of infection was not adequately determined 
but appeared to be about 150 seconds at 45°, 35 sec- 


onds at 50°. and 4 seconds at 55 
inoculation, 
effect on the re- 


The 


from heating appeared to be greater on old 


Time of day of heating. time of day of 
of trial had no clear 


heat 


or time ot year 


sponse of inoculated leaves to treatments. 
Increase 


than on young leaves, but this was erratic. In 2 trials, 
the number of lesions on leaves heated for 30 seconds 
at 50° at 10 hours after inoculation exceeded that on 
nonheated leaves by an average of 10 per cent for 6- 
10-day 330 


however. plants 


day plants, 250 per cent for plants, and 


16-day 16-day 


usually yielded too few lesions for satisfactory experi- 


per cent for plants; 
mentation. 

with- 
Heat- 


resulted 


Inoculations of bean with apple mosaic virus 


out phosphate were usually unsuccessful (8). 


ing leaves at several hours after inoculation 


in lesions in many cases where no lesions resulted on 


the unheated controls. and differences as great as 72 


lesions on a heated leaf and 1 lesion on the control 
leaf have been obtained when leaves were inoculated 


Results without phosphate were so 
however, that 0.05 to 0.5 per cent K HPO, 


usually 


without phosphate. 
erratic, 
was added to inoculum to give reliable infee- 


tion, even though the response to heat on leaves that 


were inoculated with phosphate was less than for 
leaves inoculated without phosphate. The effect of 
heating bean leaves that had been inoculated with 
apple mosaic virus was studied in 60 trials in about 
half of which low or no infection resulted. In trials 
where lesions averaged 5 or more per leaf on non- 
heated leaves, Pencil Pod or Bountiful bean leaves 


heated for 10 to 150 seconds at 15 or tor 2 to LO 


seconds at 50° at 8 to 24 hours after inoculation aver- 


3.8 times that number of lesions in 167 paired 
comparisons. The 


{ 14 fold) for 
treatments at 50°. the 


aged 


observed average difference was 


greatest treatments of 100 seconds at 
6°. For 


resulted from about 8 seconds of exposure, and treat- 
lO to 


greatest difference 


ments at 16 hours after inoculation resulted in 


greater differences than did treatments at shorter o1 
longer intervals following inoculation. 

Size of lesions.—Lesions of tobacco mosaic virus on 
Pinto bean under greenhouse conditions usually 
ceased growth when the lesions reached about 300z 


in diameter. Larger lesions developed on heated leaves 
than on nonheated ones, and the effect of heat treat- 


ments on lesion size was more consistent than was 


the effect on 
quently resulted from heat treatments that resulted in 


numbers of lesions: large lesions fre- 


fewer lesions than developed on nonheated leaves. 


Postinoculation treatments were more successful in 


producing lesions larger than normal than were pre- 
heat (10), but the 


opposite 


inoculation treatments 
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applied for numbers of lesions. In ali 74 pairs of com- 
parisons of the effect of postinoculation heating on 
lesion size with tobacco mosaic virus on bean, the 
average diameter of the lesions was 114 per cent of 
the controls for 10 seconds at 50°, 125 per cent for 
20 seconds, 160 per cent for 30 seconds, and 180 per 
cent for 40 seconds. The maximum difference in a 
single paired comparison was 350 per cent (control 
lesions averaged 3304, and lesions on the opposite 
leaf heated 30 seconds at 50° at 11 a.m. on January 
30 at 24 hours after inoculation averaged 15004). The 
optimum time of heating was at about 20 hours after 
inoculation. The average lesion size on heated leaves 
was 115 per cent of that for the controls on leaves 
heated at 5 hours after inoculation, 150 per cent for 
leaves heated at 7.5 hours, 200 per cent at 20 hours, 
160 per cent at 40 hours, and 140 per cent at 80 hours. 
Although numbers and size of lesions were affected 
somewhat similarly by heat and are therefore corre- 
lated in a gross way, there was not a good correlation 
between numbers and size of lesions in individual 
paired treatments. 

Postinoculation heating of inoculated leaves also re- 
sulted in unusually large lesions with apple mosai 
virus on Bountiful and Pencil Pod bean and with to- 
bacco mosaic virus, spotted wilt virus, or peach yellow 
bud mosaic virus on cucumber cotyledons. 


Virus assay.—The effect of heat treatments on local 
virus development was also revealed by virus assay. 
Disks of control and heated tissue from opposite 
leaves. of which one was a control and the opposite 
one heated, were ground in water and used as in- 
oculum. Even when heated leaves had no more lesions 
than did the nonheated controls, the heated leaves con- 
tained much more virus than did the controls. In 16 
paired comparisons, the number of assay lesions of 
tobacco mosaic virus from the heated leaves ranged 
from 0.9 times as many as from the control leaf for a 
leaf heated 1 second at 50° at 26 hours after inocula- 
tion to 23 times as much for a leaf heated 40 seconds 
at 50°; they averaged 4.8 times as much as the con- 
trols in all trials. 


Delay in necrosis.—Necrotic virus lesions were usu- 
ally slower to appear in heated than in nonheated 
tissues. This effect was greater with tobacco mosaic 
virus on bean and with peach yellow bud mosaic virus 
on cowpea than with other virus-host combinations 
studied. In 1 set of inoculations of bean with tobacco 
mosaic virus that resulted in 587 lesions, none of the 
lesions eventually formed had appeared on the non- 
heated leaves in 36 hours, 42 per cent had appeared 
in 47 hours, 55 per cent in 54 hours, 69 per cent in 
70 hours, 77 per cent in 78 hours, 86 per cent in 94 
hours. 93 per cent in 118 hours, and 100 per cent in 
168 hours. On the same plants but on the opposite 
leaves, which were heated for 35 seconds at 50°C at 


13 hours after inoculation, no lesions had appeared in 
36 hours. 2 per cent of the lesions had appeared in 
17 hours, 8 per cent in 54 hours, 49 per cent in 70 


hours, 65 per cent in 78 hours, 79 per cent in 94 
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hours, 86 per cent in 118 hours, 98 per cent in 168 
hours, and 100 per cent in 192 hours. In this trial, 
the time required for the appearance of 50 per cent of 
the lesions was about 51 hours for control leaves and 
71 hours for heated leaves. 


With peach yellow bud mosaic virus in cowpea, 
local lesions appeared on the inoculated leaves in 
about 4 days, systemic shock symptoms in the new 
growth in about 7 days, and necrosis of the main 
stems in about 8 days. Appearance of lesions and of 
systemic shock was delayed by heat, but the effect of 
heat on stem necrosis was most striking. Plants 
treated 20 to 50 seconds at 50° at 3 days after inocu- 
lation frequently showed no stem necrosis at 8 or 10 
days whereas nonheated plants showed severe ne- 
crosis. Even at 18 days after inoculation and 15 days 
after heating, stem necrosis was sometimes much less 
on heated than on control plants. 


Vanifestation of latent lesions.—Inoculations with a 
strain of peach ring spot virus from an apricot tree 
grown in Solano County, California, produced sys- 
temic infection in several varieties of bean. Systemic 
symptoms were sometimes manifest as necrosis of 
petioles, stems, and veins; as slight mosaic in new 
growth; as slight twisting of main stem; and as a 
very light set of flowers and fruit, but symptoms did 
not usually appear before 10 days after inoculation 
and were erratic in appearance. Local lesions on in- 
oculated leaves were never observed on nonheated 
leaves. When inoculated leaves were heated for 30 
seconds at 50° (long enough to give slight injury) at 
2 to 11 days after inoculation, virus lesions were some- 
times clearly apparent 2 days later as green islands 
or as chlorotic halos (Fig. 3, C). These zones were 
about 0.7 mm in diameter for leaves heated at 2 days 
after inoculation, 3 mm for leaves heated at 6 days 
after inoculation, and 18 mm for leaves heated at 11 
days after inoculation in different tests. This heat 
effect was most pronounced on the variety Oregon 
Giant, it was less so on Pencil Pod, and no clear 
lesions were found on Pinto, though each of these 
varieties became systemically infected. With another 
strain of peach ring spot virus (Fig. 3, D, E), the heat 
effect was well expressed on Pene il Pod. 

With peach yellow bud mosaic virus on bean, infec- 
tion areas normally appeared on the inoculated pri- 
mary leaves in about 7 days as chlorotic or necrotic 
lesions about 4 mm in diameter. They appeared much 
sooner than this on heated leaves. 

The above 2 examples are exceptions to the gen- 
eralization made earlier that heating delays the ap- 
pearance of symptoms. 

This manifestation of latent lesions as a result of 
heat treatment is believed to be similar to the mani- 
festation of latent lesions by staining with iodine (2, 
6), in that both probably depend on the accumulation 
of carbohydrates in the lesion area. With the heat- 
induced lesions, as studied here, the detection treat- 
ment is much easier and quicker than the iodine treat- 
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ment, and the leaves are not sacrificed as with the 
iodine treatment. 


Systemic infections._-Heating of inoculated plants 
for 10-40 seconds at 50° or for 30-180 seconds at 
1S has resulted in systemic infections of beans and 
cucumbers with viruses that would otherwise remain 
localized in these plants, or it has increased the per- 
centage of plants that became systemically infected, 
Pobaceo mosaic virus normally produced only local 
lesions on cucumber, but systemic symptoms resulted 
in 2 of 90 heated plants; virus was recovered from one 
of these plants. This result could not be repeated. 


Tobacco ring spot virus commonly gave local lesions 
and systemic infection in young beans but only local 
lesions on beans more than about 12 days after seed- 
ing. Lnder conditions where systemic infection did 
not normally result in nonheated plants, a high per- 
centage of systemic infection resulted in heated plants. 
In 14 such trials, 14 per cent of the nonheated con- 
trol plants became systemically infected, as did 55 per 
cent of the plants heated 10 seconds at 50°, 86 per 
cent of the plants heated 20 seconds. and 94 per cent 
of the plants heated 50 seconds. Systemic infection 
resulted in plants heated at 1, 2, 3, or 4 days after 
inoculation, with no well-defined optimum. 


Systemic infection by spotted wilt virus on Pinto 
bean has been seen only once in several hundred non- 
heated plants. but the heating of plants for 30. see- 
onds at 50° at 2 days after inoculation commonly 
caused systemic infection. Commonly only a_ portion 
of the new growth showed symptoms (clearing of 
veins: down curling of leaves; necrosis of stems, 
petioles, and veins; chlorotic or necrotic spotting), 
and the virus could be isolated only from plant parts 


showing symptoms. 


Inoculations with spotted wilt virus on very young 
cowpea plants commonly produced local lesions and 
systemic infections, but similar inoculations on older 
plants usually resulted in local lesions only. Heating 


such older plants resulted in a high level of systemic 


infection. For example, in 2 representative trials, in- 


oculations on plants 10-17 days after seeding resulted 
in systemic infection in 2 of 22 nonheated plants, but 
heating similar plants for 10-60 seconds at 50° at 
| to 5 davs after inoculation resulted in systemic infec- 


Fic. 3. Heat activation of virus infections. A,B) Twin 
primary leaves of Pinto bean inoculated with tobacco 
mosaic virus 10 a.m. January 29 and photographed Febru- 
ary 8, 1957. A) Control. B) Heated 30 seconds at 50°C 
at 10 a.m. January 30 at 24 hours after inoculation. 
C) Primary leaves of Oregon Giant bean inoculated with 
a strain of peach ring spot virus 5 p.m. May 10, heated 
30 seconds at 50°C at 8 p.m. May 12, and photographed 
Mav 17. The unheated control leaf (not illustrated) 
showed no lesions. D,E) Primary leaves of Pencil Pod 
beans inoculated 5 p.m. June 15 with a different strain of 
peach ring spot virus from leaf C, photographed June 21. 
D) Heated 50 seconds at 50°C at 6:30 a.m. June 17. 
E) Heated 9 seconds at 55°C at 6:30 a.m. June 17. The 
unheated control leaves (not illustrated) showed no lesions. 

















1e 


‘> 








January. 1958 YARWOOD 


tion in 29 of 36 plants. Heat caused the formation of 
large lesions by spotted wilt virus on cucumber cotyle 
dons, but no effect on systemic infections due to heat 
was noted. 

In 1 trial with peach yellow bud mosaic virus in 
Dwarf Horticultural bean. the number of systemic in 
fections in 10 control and 10 heated plants was 0 and 
}, respectively, at 9 days after inoculation, | and 8 at 
13 days after 19 days 
after system 
infection with this virus-host combination was about 
160 seconds at 45° at 
trial with Himalaya blackberry mosai 
related to 
mosaic virus, 3 of 16 control Pinto beans became svys- 


inoculation, and 7 and 10 at 
inoculation. The optimum time for 
2 days after inoculation. In 1 
virus (1), be- 
lieved to he closely pea h vellow bud 
temically infected, and 14 of 16 heated plants became 
systemically infected. 


With peach ring spot virus in Pinto and Pencil Pod 


beans. svstemic infection commonly resulted without 
heating, but a higher percentage of systemic infections 
resulted in heated than in nonheated plants, and the 
virus was recovered sooner from the new growth of 
heated plants than from the new growth of nonheated 
plants. In 2 trials with alfalfa mosaic virus in cucum 
ber. 1 of 10 control plants showed systemic symptoms, 
whereas 9 of 10 heated plants showed systemic 
Heat also 


mosak 


-Vmp- 


increased systemic infection by 


Pinto 


toms. 
alfalfa 


mosaic virus in cucumber 


virus In bean and by apple 


Repeated heat treatments.—Since single heat treat- 


ments produced such profound effects, it was thought 
12, 24, or 


cause still greater effects on numbers of lesions, size 


that heat treatments every 18 hours might 


of lesions, delay in necrosis, or systemic infections. 
There was some delay in necrosis as a result of suc- 
cessive heatings. but in all cases the first heating was 
the most effective. and no type of repeated heating 
tested prevented necrosis with tobacco mosaic virus 


on bean or with peach yellow bud mosaic virus on 


cowpea. Repeated heat treatments did not seem to 
affect appreciably the number of lesions or number of 


systemic infections. 


Pinto 
virus and 


Localization of the heating effect.—Some 


beans inoculated with tobacco ring spot 
some inoculated with spotted wilt virus were heated 
only on the inoculated leaves, some only on the non- 
inoculated) primary leaves opposite the inoculated 
leaves, and some only on the new growth: with some. 
parts of the plants were 


the entire above-ground 


heated. Systemic infection occurred about as_ fre- 
quently when only the inoculated leaves were heated 
as when the entire plant was heated, and heating the 
noninoculated primary leaves or the growing points 
did not increase infection. In such systemic infections. 
therefore, the effect of heating can be better explained 
as increasing the invasiveness of the virus than in 


increasing the susceptibility of distant tissues. 


Dry heat.—With hot-water treatments. the actual 


time the leaf reaches the desired temperature can be 
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more precisely known, and the experimental manipu- 
lations more readily carried out, than with dry heat. 
Because of the known deleterious action of water on 
virus infection (9), however, it was felt essential to 
make trials with dry heat. The method used was to fit 
waterproof plastic envelopes over the leaves and lower 
the leaves in the plastic envelopes into the water bath. 
These trials showed that 50° dry heat for 40 seconds 
immediately after inoculation prevented formation of 
tobacco mosaic virus lesions on bean, and 50° dry 
heat for 30 seconds at 5 hours after inoculation re- 
sulted in more lesions than appeared on the controls, 
much as with the hot-water treatments. Therefore, for 
heat treatments at 5 or more hours after inoculation, 
the results of these trials are considered as predomi- 
nantly due to heat and as not seriously complicated 


by the water effect. 


Discussion.—The mechanism of heat activation of 
virus infections is not understood, but it is appropriate 
to spec ulate. The appearance ot more lesions on bean 
leaves heated at 24 hours after inoculation with apple 
mosaic virus than on comparable nonheated leaves is 
presumed to result from the increase in invasiveness 
of the virus and/or in the necrosis caused by many 
infections that would not otherwise be apparent. 
Apple mosaic virus has a half life of about 5 minutes 
in vitro (8) under greenhouse conditions, yet leaves 
heated at 5-24 hours after inoculation have developed 
10 times or more lesions than developed on the con- 
trols on several occasions. It is highly improbable 
that the naked virus had remained latent for 24 hours, 
especially since inoculations at more than | hour after 
abrasion have been unsuccessful. Therefore, it is sug- 
gested that in ordinary inoculations many more local 
infections occur than is indicated by the number of 
lesions counted. Perhaps better means than the hot- 
water method might be devised for activating these 
infections, especially since water is deleterious to the 


infection process. 


The most promising practical uses of the method 
appear to be in inducing local lesions in infections 
where lesions normally do not appear, as in the case 
of peach ring spot virus on bean, and in inducing sys- 
temic infections in cases where only local lesions nor- 
mally occur, as with spotted wilt virus on bean. 

Part. if not most, of the effects noted here are prob- 
ably related to the increased susceptibility of plants 
to several viruses and fungi as a result of heating the 
leaves before inoculation (3, 4, 10). With preinocula- 
tion heating, the responses of fungi and viruses were 
With 
the response of fungi and viruses appeared basically 
different. 
infections (e.g. 


superficially similar. postinoculation heating. 
Heat dosages that normally activated virus 
120 seconds at 45°, 30 seconds at 50° ) 
consistently killed Uromyces phaseoli (Pers.) Wint.. 
Erysiphe polygoni DC., and Colletotrichum lindemuthi- 
anum (Sacec. & Magn.) Briosi & Cav. in infected tissue. 

Virus in plants can also be inactivated after infection 


(4). but this was not encountered with certainty in the 
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present study. In the several cases where virus lesions 


did not appear following heat treatment of ino ulated 
manifest 


to the host 


plants, this failure of the plants to symptoms 


was associated with severe nyury and the 


ceptible host tissue rather than to inactivation of the 


virus, 
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lack of symptoms could have been due to lack of sus BERKELEY 4, CALIFORNIA 
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DISSEMINATION BY ATMOSPHERIC TURBULENCE: 

SPORES OF PERONOSPORA TABACINA! 

Paul &. Waggoner and G. S. Taylor 
SUMMARY 
The number of spores of Peronospora tabacina containing about 200 lesions. On a clear day, 
per cubic meter of air 46 cm above the ground was spores appeared in quantity and reached a maxi- 
measured hourly during 2 blue mold outbreaks in) mum of 90/m® between 5:30 and 7:30 a.m.; none 
tobacco seed beds In the first spores were trapped appeared at or after 10 a.m. On 2 clear days fol- 
above a 46-m2 area containing more than 10¢ lowing this, maxima of 6-12/m* appeared between 
lesions. Following a night with drizzle. the clouds 1 and 5 a.m. Evidently the maximum number of 
broke and the air became drier as the sun rose oes eee dispersed early in the gegen and few 
between 4 and 5 a.m.: air-borne spores first ap- Or no spores are alr borne during the afternoon or 

night. If the spores are assumed to be dispersed 
peared in quantity at this time and reached a maxi er 

according to the statistical theory of turbulence, 

mum concentration within the hour The day was : 7/4 
sunny and gusty, with no air-borne spores detected — with variances in the horizontal directions of 
at or after 8: 10 arm. On cloudy days, spores first . . OX7/4 
appeared in quantity at 6:30 a.m. and reached and in the vertical direction of —~ , then the 
maxima of 432-5000/m* at 8:30-10:30 a.m.:; very } 
few appeared at or after p.m. In the second lesions must disseminate a maximum of about 10° 
outbreak, spores were trapped above a 6.7-m° area spores/day (X is the distance downwind). 





An understanding of the influence of weathe1 upon 


the spread of fungi pathogenic to crop plants is one 


of the important problems igricultural meteorol 
The 
in the field and the hour of di 
These facts are fundamental in the appraisal of risk 
the forecast of 


pathogens, and in the design of 


ogy. number of spores disseminated per lesion 


ssemination are critical. 


of disease loss, in multiplication of 


disease-control meas- 


ures, The hourly concentration of air-borne spores of 


luly 30. 1957 
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Peronospora tabacina Adam has been measured above 
known numbers of tobacco blue mold lesions and is 
reported here. 


A source of Peronospora spores can be character- 


ized from the distribution of primary infection (7); 
however, the estimate of the number of spores dis- 
seminated depends upon the hypothesis of turbulent 


With 


further difficulties arise because the number of spores 


transfer one assumes. any given hypothesis, 


disseminated cannot be estimated independently from 
the infectivity of the spores and the size of the plant 
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part infected (6). A final uncertainty is caused by 
the dependence of the estimate of source strength 
upon the choice ot a value for the proportion ot 
spores trapped by foliage; although this proportion 
can be estimated independently, it cannot be estimated 
precisely (2). Actual measurement of the quantities 
of air-borne spores produced by a lesion is the first 
step in unravelling this complex 

The hour of dispersal can be predicted from de 
Bary s (1. p. 72) observations of Phytophthora infes 
tans (Mont.) d By.: “Where filiform sporophores rise 
free into the air, a further mechanical arrangement is 
found which greatly assists the shedding and scatter- 
ing of the abscised spores. (The sporophores) are 
so highly hygroscopic that the slightest change in 
the humidity of the surrounding air. such for instance 
as mav be caused by the breath of the observer, at 
once produces changes in their turgescence and_tor- 
sion: the latter give a twirling motion to the extremity 
of the gonidiophore and the ripe spores are thereby 
thrown off in every direction.” De Bary’s observations 
were either overlooked or ignored by most workers 
until Pinckard (4) called attention to them 5 decades 
later. Pinekard found that if infected tobacco leaves 
were kept in a saturated atmosphere, sporulation of 
Peronospora tabacina occurred, but the sporangia were 
not released. Then. when drying began. the crown of 
each fruiting structure and the sterigmata-like struc- 
tures bearing the spores began to twist and turn. If 
moist air appeared, the motion was reversed. The net 
effect was the release of mature. not immature, spores. 
These observations led Pinckard to suggest that the 
pathogen was disseminated following, not during, a 
continuous rain or atmospheric saturation. 

Hourly measurements of the concentration of air 
borne spores were made above lesions following blue 
mold outbreaks of known extent in 1955 and 1956, 
These permitted us to estimate dissemination per lesion 
and its daily evele. 

MATERIALS AND METHODs.—Spore concentrations in 
the air 46 cm above the soil were determined with an 
\ centrifugal 


automatic volumetric spore trap (3 
fan driven by a motor powered by 30 volts from. stor- 
age batteries provided a reliable and portable means 
of drawing air into the trap. The spores of P. taba- 
cina were identified and counted microscopically: the 
counts were converted to concentrations in the air by 
means of anemometer observations and of published 
efhciencies of the trap (3). 

We had the good fortune of studying 2 strikingly 
different epiphytotices. In 1955, the trap was placed 
in seed beds of tobacco severely infected with P. taba- 
cina: the beds were provided by Dr. P. J. Anderson. 


Three parallel seed beds, 18 2.4 m. were arranged 
1.2 m apart and with their long axes north to south, 
About of the plants in the west bed had lesions 
on May 31. In the other 2 beds, leaves without 


lesions could rarely be found: at least 70.000 lesions 
must have been present in each of these beds. The 


wet burlap cover was removed from the beds at 1 p.m 
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on June | and the trap placed in operation at 3 p.m. 
at the center of the east bed. Successful observations 
were made on 1 sunny and 2 cloudy days. 

In 1956, the outbreak of blue mold was much less 
severe than in 1955. The trap was placed in the cen- 
ter of a 18 3.7-m area of plants in a seed bed. 
On June 15, about 100 young lesions were evident. 
Che trap was operated during that and following 
nights and early mornings: the seed bed was covered 
with a wet white canvas during the day. By June 20. 
the number of lesions had increased to about 200: 
subsequently, the trap was operated continuously, with 
the beds uncovered. Most of the lesions were in the 
center 4 m?* of the bed. 

Resutts.—The brief, but significant, series of ob- 
servations in 1955 is reproduced in Table 1. These 
data are employed in the discussion for the estimation 
of the daily cycle of dissemination. 

The series of observations in 1956 is most suitable 
for the estimation of production per lesion. Few 
spores were found in the air. During the first 5 days 
of study, spores were observed only twice in a total 
of 76 observations. and then in concentrations of less 
than 10/m°. These 5 days were without measurable 
rain and had maximum temperatures of 70°-96°F. On 
the sixth day. rain fell for about 20 hours. The seventh 
day dawned hot and dry Spores were observed in 
the air by 5 a.m.; they reached a maximum concen- 
tration of 90/m* at 6 a.m.: and none appeared at or 
after 10 a.m. The following morning, the eighth, as 
many as 6 spores/m® were air borne between 1 and 
2 a.m.. a time of fluctuating humidity. After another 
warm dry day, a few spores were disseminated near 
midnight and some more (4-12 m°*) between 4 and 6 
im. the next morning. The maximum temperatures 
were all above 75° on these days. Although the ob- 
servations were continued until the sixteenth day, only 
a tew spores were seen: most ol these appe ared at 5 
im. on the thirteenth and fourteenth days following 
2 showers. Thus, the small epiphytotic of 1956 was in 
sharp contrast to the severe one of 1955 

DISCUSSION. The number of spores disseminated 
per lesion in the field can be deduced from the obser- 
vations in 1956. More ample data are now at hand 
than when an earlier estimate was made (6). 

To obtain the number of spores disseminated per 
lesion, we must perform 2 operations. First, the spore- 


trap data must be converted to spores per hour pet 


cm? of vertical plane. Second, the observation at a 
height of z 10 em above the lesions must be con- 
verted to an estimate at foliage height. z 0. The 


lesions at 6 em above the soil have been taken as the 
reference Z 0). 

The first conversion can be accomplished easily by 
dividing the number of spores trapped per hour by 
the efficiency of the trap and the area of the orifice 
through which the spores were drawn. The maximum 
spore dissemination in 1956, at 6 a.m. on the seventh 
day, was 145 spores/cm®/hour. The total dissemina- 
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assume that the 
the 4m" area 


most of the spores that reached the trap 40 cm above 


point T came 


from the 


area 


TBC, 


The 


statistical 


theory of turbulence has been useful in analyzing dis- 


semination (2 
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Weather ture Wind 
(°F) (Miles per hour) 
67 17.3 
Shower! 64 19.6 
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58 9.2-11.5 
56 8.1 
94-52 9.8-8.1 
34 12.7 
14 11.5 
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ber of spores (s) reaching the trap at any instant 


from the 1 cm? at point P, would be 
x \ 72" 


{ x’ 
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e 
23°(2)*” 
where x, y, and z are the distances from the center of 
a puff of q spores disseminated at P. The variance in 
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Plan view of spore trap (above point T) in a bed of diseased tobacco seedlings, 1956. 
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the vertical is set at 4/9 of the variance o* in the 
other directions (5). Figure 2 is a diagrammatic repre- 
sentation of the puff or cloud from P at an early 
moment as it drifts downwind and later as it passes 
the trap at T. 


S, the number of spores passing through 1 cm® at 


trap height over an extended time (1 morning) and 
from all of area BTC is calculated as follows: 
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Arrow flies 


with the wind.—Fic. 2. The enlargement of the outline of a cloud of spores from unit area P and the decrease in the 
concentration of spores in the air as the cloud moves downwind.—Fic. 3. The manner in which the numbers of air- 
borne spores are summed in the y direction at intervals of 20 cm in the X direction —Fic. 4. The manner in which 


the numbers of air-borne spores are summed in the z direction from z 





) to z 41 cm. 
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that 1 spore in 4 10° produced a lesion. Of the 
thousands that failed, 100 were deposited but failed, 
ind thousands lit on the soil or were carried away 
by the wind. 

Still another test of the plausibility of the estimates 
an be made by comparing them with spore produe- 
tion determined in the laboratory for a different, but 
closely related, fungus. Between 10° and 10* spores 
can be washed from a late blight lesion produced by 
Phytophthora infestans after a 12-hour sporulation 
period at 10° 22-C (J. R. Wallin, private communi- 


cation This is considerably less than the estimate 
of 2 10° spores per day per lesion for blue mold 
in the field. The comparison suggests that a large 


proportion of the spores removed by washing are also 
removed in the field. The 20- to 200-fold difference 
is not surprising when the differences in fungi and in 
method of removal and the assumptions necessary in 
our caleulation are considered 

Phe time of dispersal is best shown by the results 
of 1955. In 1956. although the weather and size of 
outbreak were different from those of 1955. the 
“ame pattern can he seen. The cVve le Is as predicted 
by de Bary’s and Pinckard’s observations of the distor 
tion ot sporophores and the discharge of spores upon 
drying. The spores are rarely air-borne at night but 
fly in maximum numbers in the morning. The maxi 
mum occurs at 8 10 a.m. on cloudy davs or at 15 
a.m. on clear days. Dissemination is greater on cloudy 
days. when it may continue until 7 p.m.. than it is on 
cleat days 

The diurnal cycle of dissemination indicates that 
Peronospora spores are discharged as the sporophore 
shrivels in the morning but not while it is shriveled 
nor as it is wetted in the evening. The absence of 
dissemination at midday means that forcible discharge 
is necessary or that the spores on the structures lving 
on the leaf surface are not available to the turbulent 
air. The absence of air-borne spores in the evening 
indicates that the forcible discharge mechanism does 
not work when the sporophore is rewet and rises. and 
it also means that turbulence alone—without forcible 
discharge—cannot disseminate Peronospora spores. 

The preceding conelusions are of fundamental im 
portance In forecasting the disease and in controlling 
it with fungicides, For example. if a bright. het day 
is predicted we expect that spore dispersal will be 
light and early and that few spores will survive the 
day Rain or dew that night will not arrive in time 
to save the spores. Therefore. increase of the disease 
is not forecast and dusting is of little value. If a 
bright day dawns, but rain is forecast by noon. a few 
spores will survive—particularly if the preceding day 
was rainy. In this case, some increase is forecast and 
morning dusting will be helpful. If a cloudy. cool day 
is forecast. maximum dissemination and infection is 
ilso forecast and immediate dusting is imperative. If 
the day is rainy and the leaves are continuously wet. 
slight dissemination will occur that day, but the next 


day will be especially dangerous because of the in 
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creased dispersal ot spores to leaves from which the 
fungicide has been washed. 

In addition to dissemination per lesion and the daily 
evele of spread, one would like to know about the 
weekly cycle and the effect of weather. The data of 
1955 and 1956 suggest that these effects exist. In the 
first year (Table 1). dissemination decreased from the 
maximum on June 2, and by June 8 dissemination had 
increased again. These fragmentary data indicate a 
weekly cve le and or a dec rease due to sunny weather 


and an increase due to cloudiness. 
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\ similar situation existed in 1956. The maximum 
concentration of air-borne 
and on davs 13 and 14. 


spores occurred on day 6 
These 2 periods followed 
rainfall and occurred at a 1l-week interval. Thus, we 
can infer that weather and/or a weekly cycle influence 
the dissemination of spores of P. tabacina, but we 


cannot separate the 2 effects with the data at hand. 
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GRAPES IN CALIFORNIA 
H. Weinberger 


SUMMARY 


Fruit and leafroll 
indicate that it is identical with the virus disease 
known for 
Emperor disease. 


foliage symptoms of grape 
white 
Fruits on affected vines generally 


several vears in California as 


harvest time than those on 


vines of the same variety. The color of 


have less sugar at 
healthy 
fruits on affected vines of varieties that normally 
produce red berries remains greenish white. Leaves 
on affected 
chlorotic areas develop along the margins and be 
tween the principal 


vines generally roll downward and 


veins by midsummer. The 


chlorotic areas turn red on leaves of varieties that 
produce red or black fruit. On leaves of many 
varieties, the chlorotic areas may become necrotic 
so that the foliage in the fall appears burned. 
Foliage symptoms appear first on the oldest leaves 
near the base of the canes. Symptoms of leafroll 
are similar to those of brunissure, rougeau, 
flavescence, and potassium deficiency. The use of 
virus-infected stocks or buds in propagating new 
vines appears to be the principal method by which 
the disease is spread in California. 





Studies at the U. S. Horticultural Station at Fresno 


indicate that the disease characterized by white fruit 
on Emperor grapes and called white Emperor disease 
is the same as that described in 1936 by Scheu (11) 


as leafroll (Rollkrankheit). 


and also 


In keeping with priority 


because leafrolling is a more consistent 


symptom of the disease than is lack of fruit color, the 


name leafroll should be recognized and the name 
white Emperor should be dropped. 
Leafroll is a serious virus disease ot grape. ™~ heu 


(11, 12) estimated that over 80 per cent of all grape- 
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vines planted in Germany are infected; some varieties 
are so completely diseased that the varietal deserip- 
tions are based on leafroll-affected plants. He found 
the disease in native vines of Vitis silvestris Gmelin in 
Germany and stated that it had been present in Ger- 
man vineyards since olden times. He emphasized that 


infected plants are abnormally sensitive to environ- 


ment and consequently are irregular bearers. During 
favorable seasons they may produce almost as well as 
healthy plants, but in unfavorable seasons they may 
The quality of the 
fruit, and therefore of the must produced from in- 
fected 


healthy vines. 


produce only one fifth as well. 


vines, is invariably poorer than that from 


The purpose of this report is to bring together the 
desc riptions of leafroll and to describe the sequential 














development of leafroll symptoms that will assist in 


diagnosis of the disease and in its elimination from 
American vineyards 
Olmo and 


i disorder oft vines ot the 


HistoRY OF LEAFROLL IN CALIFORNIA 
Rizzi (7) called attention to 
Emperor variety characterized by failure of the fruit 
to turn normal red at harvest time. They showed that 


progeny from such vines were ikewise affected Har 


mon and Snyder (3) called this disorder white Em 
peror disease and proved b raft-transmission tests 
that it was caused by a transmissible agent, Le. a 
virus. Hewitt (6) recognized leafrolling, early au 
tumnal coloration ind scorching as symptoms of 


white Emperor disease. Harmon proved that the 


white Emperor virus could nfect Cardinal and Red 
Malaga, in which it also prevented normal red colora 
tion of fruit. In these varieties, as in Emperor, he 
found fruit on infected vines to be low in sugar. Co 
incident with this work it w oted that many vin 
in the varietal collection at the U. S. Horticultural 
Station. Fresno, showed leaf scorch, and records indi 
cated that thev had been so affected for several years 
Harmon and Weinberget | elected inoculum from 
each of 32 varieties from tl collection that had 
shown leaf scorch and obtained transmission to Em 
peror, with the productior haracteristic white 
fruit, from each of ther 

Observations in commercial evards in the vicinity 
of Fresno and elsewhere in California indicate that 
leafroll-like symptoms ar prevalent and that this 
disease mav be the cause of severe economic losses to 
growers. In some varieties in which the disease does 
not alter fruit color, it has be present for a long 
time but not recognized : (disease Cuttings and 
graft wood from such infected plants may have served 
for inadvertent spread of the disease. In preliminary 
surveys. leafroll-like symptor were found to be more 
prevalent in vinevards rootstocks than 
in those of varieties on their « ots. indicating that 
use of infected rootstocks | bye major tactor in 
spreading the disease 

The apparent wide o ! oft the disease in 
many varieties and its almost ersal presence in 
some varieties agree with Sel report of the disease 
occurrence in Germat 1] , d tend to indicate 
that leafroll virus w introduced into California in 
infected vines from I 

SYMPTOMATOLOGY During the 1956 growing sea 
son, the development ot ptor in infected vines 
was watched closely at Fresno, California. From the 
time that growth started in the pring until the latter 
part of Julv. no outstanding differences of crowth of 
canes and development of leave ind flower clusters 


on infected plants ind on ad 


plants known to be 
free of the disease were rec orded 


By the end of July 
had developed sufficiently 


symptoms on infected plants 
distinguish such plants 
from healthy ones. The earliest symptom observed 
was failure of normal fruit color to develop in Cardi 


nal: this was noted by Tuls L956 Leaf symptoms 
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on most varieties were observed initially during the 
first week in August. 

Fruit color at harvest time proved to be diagnostic 
for distinguishing leafroll in red-fruited varieties but 
was of little or no value for detecting the disease in 
black- or white-fruited ones. Color differences in fruit 
of healthy and of diseased vines of red vareties ap- 
peared as soon as the fruit started to color and were 
maintained throughout the season. The fruit from 
black-fruited varieties turned as 
black as did that on healthy vines. The fruit-color 


infected vines of 


differences on white-fruited varieties were very slight. 

Comparative amounts of sugar in the fruit also 
proved to be a good character for diagnosing leafroll 
in some grape varieties. Measurements by refractom- 
eter showed that the sugar in individual berries of 
infected vines was generally only about 1% to 2% that 
of berries from noninfected vines. The sugar from 
berries in marked clusters of Cardinal was determined 
it weekly intervals, starting in mid-August. The fruit 
from healthy vines finally attained a sugar content of 
about 25 per cent: that from infected vines never ex- 
ceeded 16 per cent. Similar differences in sugar con- 
tent between the fruit of infected and noninfected 
vines of the varieties Blackrose, Calmeria, and Em- 
peror were found. The sugar content of fruit of many 
varieties for which no healthy vines were on hand for 
comparison was less than 18 per cent when measured 
on October 12, 1956. The sugar content of fruit from 
infected vines of other varieties, however, reached ae- 
ceptable levels by this date, when the percentage of 
20 in Semillon; 21] in Boal 


de Madeira: 23 in Pinot noir, Roussane, and Sauvig- 


sugar was 19 in Palomino: 


non vert: and 26 in Refosco. Fruit on vines of Muscat 
of Alexandria grafted to roots of infected Emperor 
contained 29 per cent sugar on September 19. This 
was approximately the same as the sugar content of 
nearby healthy vines of that variety 

Distinctive downward roll of the leaf margins (Fig. 
1) and leaf chlorosis were very constant characteris 
tics of infected vines of most varieties. Rolling showed 
first on the oldest leaves near the base of the canes 
during the first week in August. The rolling became 
more pronounced as the season progressed; in Sep- 
tember and October, most of the mature leaves on 
the infected vines showed the downward rolling, but 
the small leaves near the tip of the canes remained 
green and more or less normal. Chlorosis of the mar- 


gins and of the intercostal parenchyma of leaves ap- 


peared coincidentally with symptoms of rolling. The 


principal veins and a small band along each remained 
green. 
and had sunken veins and a rough somewhat glossy 
appearance of the intercostal areas. The chlorotic 
areas turned red on red- and black-fruited varieties, 
but they 
On many varieties, brown necrotic spots developed in 
the middle of the chlorotic 


remained vellow on white-fruited varieties. 


areas, 


larged and coalesced until the entire leaf blade. ex- 


cept at the base of the principal veins, was necrotic 








Later. the leaves became brittle and rugose 


These spots en- 
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and looked burned. On some varieties, the surface 


of the necrotic leaves developed a silver color. 


Vines affected with leafroll do not always show 
burned-foliage symptoms. In their original report, 


Harmon and Weinberger (4) noted that no burned- 
foliage symptoms developed on the index Emperor 
vines during the first year. There were, likewise, no 


burned-foliage symptoms during the second year, 
although the characteristic symptoms of rolling, rugos- 
itv, and chlorosis developed on the index vines but not 
on the nonbudded check vines. Fruit on the diseased 
index plants was again greenish white and low in 


sugar. 
In the 1956 season, a shoot of the American root- 
stock 1613 growing from the base of an infected vine 


developed no characteristic symptoms ot! leafroll, but 


a vinifera top variety (Cardinal) showed typical 
fruit and foliage symptoms. 
LEAFROLL, WHITE EMPEROR DISEASE, AND OTHER 


GRAPE DISORDERS.—Comparison of the foliage and fruit 


symptoms of leafroll as described in Europe (11) 
with the disease previously called white Emperor in 
California clearly shows that they are the same. Symp- 
toms of beth show first in late July or early August, 
when the fruit is starting to mature. Leaf symptoms 
of both develop initially on the oldest, lowest leaves 
of the canes. Rolling of the leaf margins toward the 
back of the both. Pre- 
mature coloring of the leaves of infected plants is like- 
both. 


quality and low fruit-sugar content. 


lamina is characteristic of 


Both cause poor fruit 
In addition, both 


agents transmissible 


wise characteristic of 
are svstemic diseases caused by 


to all progeny vines Also. both affect vinifera grapes 





Fic. ] 


Healthy leaf (left), 


center) and bottom 


and top 
views (right) of leafroll-affected Mission grape leaves from 
indexing plots at Davis, California, November, 1956. 
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severely but have very little or no effect on American 
rootstocks. 


On the basis of symptomatology, the grape diseases 
brunissure, rougeau, and flavescence described in the 
French literature (8, 10) are also very similar to leaf- 
roll. In the original description of brunissure, Pastre 
(8) noted that from 
\ugust 1 to 15; the leaves colored prematurely and 
burned late in the season. At harvest, the fruit did 
not mature but remained uncolored and low in sugar. 
In their description of rougeau and flavescence, Ravaz 
and Verge (10) likewise noted that these diseases 
were apparent only during the harvest season. The 
leaves of affected plants were rolled towards the back 
of the lamina, they 


leaf symptoms appeared first 


colored prematurely, and they 
were rugose and thickened. Fruit maturity was ad- 
versely affected. Varieties with red or black fruit were 
affected by rougeau and those with white fruit by 
flavescence, otherwise the diseases were identical. 

After observing leafroll in Germany, Branas (1) 
and Stellwaag and Branas (13) recognized the simi- 
larity between it and rougeau-flavescence. They specu- 
lated that leafroll might be related to court-noué and 
that it might be a form of flavescence caused by a 
transmissible agent: however, transmission of the caus- 
il agent of rougeau-flavescence apparently has not 
been reported from France 

There are no similarities between leafroll and the 
disease (9) called arricciamento by the Italian work- 
ers: arricciamento is sometimes translated into Eng- 
lish as leafroll or leaf curl 


Conditions other than 


virus infection may cause 
leafroll-like symptoms in grape plants. Scheu (11, 


12) listed mechanical bending. Botrytis 


plough wounds, and nutritional disorders 


infection, 
as possible 
Scheu corrected all of these 
by care or with proper amendments and found that 


causes of such symptoms 


no leafroll virus could be transmitted from plants with 
leafroll and 


some nutritional disorders have resulted in confusion 


such symptoms. Similarities between 
and may have partially caused the long delay in the 
recognition of leafroll as a distinct virus disease. 

leafroll and those of 


ficiency in particular are very similar 


Symptoms of potassium de- 
Herschler (5) 
found in many German vineyards scattered vines that 
showed symptoms like those of potassium deficiency 
during the autumn and that had a very low level of 
potassium in the leaves. The soil in which these 
plants were growing, however, was well supplied with 
potassium, and the adjacent vines showed no potas- 


sium-deficiency symptoms. Since leafroll and potas- 
sium deficiency both produce symptoms of leaf rolling 
and marginal burning, and since Scheu (11) found a 
high incidence of leafroll in German vineyards, there 
is little doubt that Herschler was observing leafroll- 
Wilhelm (14) also noted the similarity 


of brunissure as described by the French authors, the 


affected vines. 


potassium-deficiency-like symptoms described — by 
Herschler (5). and known potassium deficiency. In 


particular. he recognized the close similarity of symp- 
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toms in the final stages of ne ind of the effects find a vector. Although there may be some natural 
of growth and yields. He: ted that further re spread in German vineyards, indications are that there 
search was urgent eeded to obtain a more exact is very little if any natural spread in California. The 
understanding of pota m deficiency in the vine Lo removal of infected vines and the use of vines tree 
this we wholeheartedly ggest that from the disease for further plantings should bring 
effort be made to distir early viru duces thout effective control. 
leafroll from true pot 
, ‘ o | } vell be o7 { 
LEAFROLL CONTI c well | “— Y DEPARTMENT OF PLANT PATHOLOGY 
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When the importance of | blem is recognized DAVIs, CALIFORNIA 
i AND 
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\ OU ALITATIVE COMPARISON OF THE AMINO ACID AND SUGAR CONTENT OF ACID 


HYDROLYSATES FROM THE MYCELIUM 


OF SEVERAL ANTHRACNOSE FUNGI! 


D. F. Crossan and D. L. Lynch - 


SUMMARY 


The amino acid and sugar composition of the 
mvcelium of Colletotric hum tabacum Averna-Sacca, 
(Pass.) Ell. et Halst. Races I and II 


capsict (Syd.) Butler et Bisby, and Gleo- 


C. lagenarium 
Goode ( 
sporitum piperatum Ell. et Ev. was studied by quali 


tative paper chromatography. Both sugars and 


amino acids were determined from acid hvdrolv- 


sates prepared from mycelial cultures grown in a 
minimal mineral medium in shake culture. Potas- 
sium nitrate and glucose were the only sources of 
nitrogen and carbon provided for fungal growth. 
Fourteen amino acids and 5 sugars were identified 
from the hydrolysates Qualitative differences 
existed among species and strains of these fungi 
with respect to specific amino acids and sugars 





The use of paper chromatography as a research tool 
to aid in an understanding of some of the basic differ 
ences among strains, spec ies, genera. or other group 
ings of the fungi has received little attention. Broyles 

found qualitative and quantitative differences in 
the amino acids and sugars present in the urediospores 
Other workers 


have studied specific organisms from the 


of certain races of cereal rust fungi 
standpoints 
of their nutritional requirements and of their subse 
quent amino acid composition (4, 6, 9, 10). 
faxonomists in other fields have turned to chroma 
Micks (8) found 


that 3 genera of mosquitoes could be 


tography as a taxonomic tool (1, 3) 
distinguished 
readily by marked quantitative differences in their 
amino acid levels. Similarly, Ginsburg and Lovett (5) 
distinguished between 2 strains of a bacterium. one 
strain having a glutamic acid content much greater 
than that of the other. 

The present investigation was undertaken to deter 
mine if detectable qualitative differences in amino acid 
and sugar content might exist among closely related 
fungi. The organisms selected were Colletotrichum 
tabacum Averna-Sacea;: C. lagenarium (Pass.) Ell. et 
Halst. (Races I and II] Goode); ¢ 
Butler et Bisby: 
Fv. 


Capsicl (Svd.) 


and Gleosporium piperatum El. et 


MATERIALS AND METHODS.—Mycelium of the organ 
isms was transferred from potato-dextrose agar slants 
to flasks containing 35 ml of a liquid medium com 


posed of potassium nitrate (10.0 g), potassium dihy- 


magnesium sulfate (2.5 @). 
and water (1000 ml). The flasks were 


held on a shake apparatus for 7 days at room tempera 


drogen phosphate (5.0 a), 


») 
oluc ose (ZU Oo}, 


ture. Colletotrichum capsici and Gleosporium pipera 
tum grew well. C. tabacum made moderate growth. 
ind C. 


per iod 


lagenarium made limited growth during this 
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he mycelium of each of the 5 fungi was separated 
from the medium by centrifugation and any adhering 
material removed by washing with water. The my- 
celium was dried at 40° C, and a weighed portion was 
then hydrolyzed for 8 hours at 85° C with 2 N H.SO,. 
The resulting hydrolysate was adjusted to pH 6.5 with 
CaCQO.. and the supernatant was removed by centrifu 


gation. The slurry of CaCO. was washed with 10 ml of 
0 per cent ethyl alcohol, and the washings were re- 


combined with the supernatant 


In the separation of the sugars, the supernatant was 
dried in vacuo at 40° C and the salts washed twice with 
10 ml of pyridine. The pyridine was filtered and then 
evaporated at 35° ¢ The sugars in the resultant resi- 
due were dissolved in 1 ml of 50 per cent aqueous 
isopropyl alcohol. From the alcohol solution the sugars 
were spotted on Whatman No. 1 filter paper and identi- 
fied by the procedure of Lynch, Wright. and Olney 
7): the solvent was a mixture of butyl alcohol. acetic 
acid, and water in a ratio of 4:1:5. The sugars were 
identified by spraying with Partridge’s reagent and 


drying at 105° C in an oven. 


For the preparation of the amino acids. nearly neu- 


tral supernatant, obtained after hydrolysis of the 
mycelium, was reduced to several ml by evaporation 
in vacuo and by freezing followed by filtering. The 
procedure was repeated until the salt residue was al- 
most completely removed. The small volume of liquid 
was then spotted on Whatman No. 1 filter paper and 
placed either in a solvent of phenol and water (80:20) 
or in one of butyl alcohol, acetic acid, and water 
(42370): 


comparable to the removal of the amino acids by 


This method has been found to give results 
cation-exchange resins. The solvent was allowed to 
advance about 6 in. up the paper; the paper was then 
removed, air dried, and replaced in the solvent so that 
the wetting front advanced to about 6 in. above the 
former front. This procedure was repeated 3 times; 
the paper was then removed, air dried, and sprayed 
with a 2 per cent solution of ninhydrin in butyl alcohol. 
The unknowns were then identified by comparison of 
their R, values with the R, values of known amino 


acids. 











Pabre | The relat 


Amino acid 


Lysine 
Arginine 
Glutamic acid 
Serine 

Valine 
Aspartic acid 
Leucine 
y-Butyris 
Glycine 

x- Alanine 
Threonine 
Unknown | 
Unknown 2 
Unknown 


imine if 


ResULTS Qualitat 
and sugars were fou 
2). Ot the 14 amino 
lysine, arginine 

acid, leucine mil 
and threonine 

pink to red color wil 
the known 
and lew Ine were 

of identified and = unide 


is tollow f 


nine if I 


organism was 
identified. | unidentifie ( 
identified. 1 unidentified: ¢ 
unidentified: C. lager 
unidentified: and ¢ 
hed. | unidentified 
C. caps ind G 
disease yimptom ot 
spore sizes and shape | 
this test in that ¢ 
serine, and alanine whet ( 
Races | and II of ¢ 
Race I] will attack 
differs 


in that R 1] 


1 will not 
content only 
glutamic acid where R 
hvdrolvsate of Race Il t 
ae id whereas all in 
Race | were identifie 

( tabacum containe 
amino acids. It did 
or threonine. which w 
cultures 

Qualitative differen 
the presence or absence 
the organisms 
xvlose, mannose, and 2.3.44 
tabacum and Race I of ¢ 
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tents of the mycelia Of 9 anthracnose tungi 


Relative content® in indicated fungus 
( C.1.-] C.1.-11 G.p 


red +-+- red) 


indicate relative intensities of color 


( ( ( I—C€. lagenari (Race 1); C.L-IL—C, lagenarium (Race I) 
icids galactose whereas C. capsici, G. piperatum, and Race 
Tables | Il of C. lagenarium did. 
ere identified as Discussion.—The data indicate that the 5 fungi 
line, aspartie synthesize a number of amino acids when supplied 
lyeine, z-alanine with a simple inorganic nitrogen source and form a 
ive 4 number of sugars when provided with a single simple 
ere present. Of sugar. It is probable that a greater number of amino 
‘ ispal ed acids and sugars would be formed if organic sources of 
rh pe! nitrogen were provided 
» acid Or eacl The fact that qualitative differences in amino acid 
j (a0 uy : ind sugar content exist among species within the 
same genus suggests that such differences may be help- 
10 identified, | ful in separating or grouping strains, species, or genera 


of doubtful position. It is also possible that a study 


Race I Il ident of amino acid or sugar differences, and the ability to 


synthesize them from a given substrate, will aid in a 
© Suna! better understanding of the physiology of parasitism. 
{ ‘ dittere t 7 . 
: Caution must be exercised, however, in the interpreta 
i tion of chromatographic patterns rhe extent of 
| ta | 


iriability within a species could be as great as that 


existing between species and would, necessarily, have 


: to be determined. It is possible that the presence ot 
t Race 
‘ i 
{ nite o ABLE 2 Presence or absence of various sugars in the acid 
, | none . / re ysates of o anthra nose lung 
entil | ) } 
; Relative contents* in indicated fungus 
| 1) i? ot ) 
vdrolysate Sugars Ca C. Cll CLM Gp 
| 
. stented Glucose 


Ivri imino acid Xvlose 


ther tunga \Iannose 
3.4.6-Tetra 
’ methviglucose + j 
x | will respec to 


: ’ ti + 


» thre mvcelium ot W here 


ndicate relative intensity of color. 
C.t.—Colletotrichum tabacum: C.c.—C, 


indicates no color and +, ++, and 


lucose 


tes contained CLA 
capsici - 
( agenarium (Race I); C.L.-II—¢ agenarium (Race II); 


contain ind G.p Gleosporium piperatum, 


thvlelucose ( 


ime 


did not 
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glycine and of galactose in Race Il of C. lagenarium 
Race | 


but such a broad generalization cannot be drawn until 


and their absence in may be of significance, 


this species and its races from many areas are sampled 
Similarly, the differences that exist among fungus spe 


cies may be useful in a taxonomic study, subject to 


adequate sampling and control of the experimental en 
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~~ 
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vironment. The use of paper chromatography as a re 


should be 


~ 


search tool in this respect further investi- 
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BLFFER ON 
TO INOCULATION! 


John L. Libby 


SUMMARY 


Lhe preinoe ulation effects of the presence ot wa- 
ter and of 0.1M potassium phosphate buffer (pH 7) 
on the infection of primary leaves of Pinto beans by 


tobacco-mosaic virus and = southern bean-mosaic 
virus was determined by comparing relative num- 
bers of loeal lesions. An interaction was demon 


strated between groups of leaves subsequently 


a phosphate-diluted inoculum and 
water-diluted 


inoculated with 


comparable groups inoculated with 
Lrhan ulum 
When the 
that received a preinoculation abrasion in the pres- 
buffer abrasion de- 
veloped significantly more lesions than did leaves 


inocula were diluted with water, leaves 


ence of phosphate and/or dry 
that were abraded in the presence of water. Leaves 
that received dry abrasion and then a dip in phos- 
phate buffer, or no dip, preceding inoculation de- 
veloped more lesions than did leaves that received 
dry abrasion and a dip in water prior to inoculation. 

When the inocula were diluted phosphate 
buffer. leaves that received dry abrasion developed 


with 


more lesions than did leaves receiving abrasion in 
the presence of water or of phosphate buffer. Sim 
ilarly. lesion counts were higher on leaves that re- 
ceived no dip between dry abrasion and inoculatien 
than on leaves that were dipped into water or phos- 
phate buffer prior to inoculation 

Leaves remained receptive to infection at least 80 
minutes after they were abraded. The duration of 
the receptive period apparently was not affec ted by 
either the type of abrasion or the presence or ab- 
sence of added phosphate in the inoculum. 

Phere 
leaves that received phosphate-diluted inocula than 
that 


inocula, regardless of the preinoculation treatment, 


were significantly more infections on 


on leaves received comparable water-diluted 


thus confirming. on the basis of a comparatively 


larger leaf population, the previously reported 


finding that the presence of potassium phosphate 





The stimulatory action of potassium phospate on 


plant virus infection was first reported by Thornberry 
Accepted for publication September 22, 1957 
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in the inoculum is associated with higher lesion 
counts. 
and subsequently by other investigators as re- 


(11). An inhibitory effect of wa- 
ter on plant virus infection also has been reported. 
that 
bacco mosaic virus lesions developed on Carborundum- 


dusted 


iewed by Yarwood 


For example, Yarwood (9) reported more to- 


leaves of Nicotiana glutinosa L. and of bean 
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PABLE | Vun P i es abraded by 3 methods and then dipped into an inoculum dilute 
with distille IM he hate fer at pH 
Mean no. of local lesions leaf 
Diluent \I h ¢ loba osale virus Southern bean-mosaic virus 
inoculu Yoo 1956 1955 1956 
Water ) () 60 69 78 
| 24 79 42 
f) 98 165 106 
Phosphate ) 93 30 975 »Q? 
- 49 POO I18 75 
: 118 72 156 
LSD 5° H6 72 0) 86 
Means for dilue 
Water OO) 17 104 75 
Phosphate 5 216 965 08 
LSD y‘ 66 Y 4 112 
In 1955, 6 Yo f r 6 trials, each with 10 leaves 
that were abrade vitl O ives investigations reported herein to compare preinocula- 
ibraded with a wet iInoculati« with a tion water, phosphate. and dry treatments on com- 
KoHPO,-diluted ino mod (8) reported simi paratively large populations of test plants. It was also 
lar results also whi contained © added the objective of these studies to determine whether 
phosphate. All 1 (1) observed fewer there was any interaction between any of these 3 tvpes 
tobacco-mosaic. | ! ( rund tbraded ol preinoculation treatments ind = the presence (or 
leaves of V. gluti 1 into water prior ihsence) of added potassium phosphate in the inocu 
to inoculation w | vulum tha lum. Some of the data have been reported previously 
comparable leaves | » preimoculation wa in a preliminary form (3), 
ler dip Many ofl t een re] ed iy) \IATERIALS AND METHODS The viruses employed in 
pear to have beer ed -mall t these investigations were | tobacco-mosaic virus 
compensate for t if caused by PMV), Marmor tabaci Holmes. represented by a 
genetic and enviro l I thie iceptl single-lesion isolate of the James Johnson strain sup 
bility of the te plied by H. H. Thornberry: and 2) southern bean- 
\pparently no een reported i mosaic virus 1 (SBMV) bean mosaic virus 4, 
the literature concer ilat effects of Varmor laesiofaciens Zaumeyer & Harter supplied by 
water and of pl where W. J. Zaumever. These cultures were propagated in 
the water and p were evaluated at tobacco (Nicotiana tabacum L. var. Turkish or Havana 
the same time by relat ns with a st lard 38) or in beans (Phaseolus vulgaris \.. var. Commonet 
or dry-treatment cont the purpose of the rr Britthe wax). Leaves on inoculated plants showing 
Papw Vumber o ( an leaves that were rubbed with a dry spat and then either 
were or wer ( ng nan ino ! [ fé / with Mater or vith 
O.1M phos 
Mean no. of local lesions leaf 
Diluent of twee Pobace saic virus Southern bean-mosaic virus 
inoculum 1955 1956 1955 1956 
Water \ 170 108 213 64 
WV : i) 12] 4 
147 112 22) 92 
Phosphate \ iY 7916 268 
\ 19] 174 106 
| 184 160 110 
LSD 5° 12 25 o4 
Means for diluent 
Water 81 185 95 
Phosphate ey | 293 275 16] 
LSD 5 4 28 12 5 
*In 1955. there e 6 tr eave ict n 1956, there were 5 trials of 10 leaves each for TMV an » trials 


of 10 leaves for SBM\ 
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typical symptoms were harvested. shredded, and dried 
over ( aC, at 4°C according to the method of MecKin- 
stored over Anhydrone 


ney t) and {magnesium 


perchlorate) in sealed glass jars at 4°C until utilized 
for inoculum preparation. Inoculum was prepared by 
extracting finely ground dry tissue with distilled water 
and diluting portions with equal volumes of distilled 


al pH 7. 


The weight of desiccated tissue and the volume of dilu- 


water or 0.1M potassium phosphate buffer 


tion= were predetermined for each lot of tissue so as 
to vield a countable number of local lesions on test 
plants 
Beans (Phaseolus vulgaris var. Pinto) were used in 
propagated in 
Plants with 


all the local-lesion assays. Plants were 


Duftheld silt loam in 1,-gal. 


glazed pots 
opposite primary leaves of uniform size and area were 
selected Irom large plantings. The le ives were neck 
lated 8 days after planting during summer months and 
10 days after planting during winter months. 

Unless specified otherwise later in the report, pri 
mary leaves that had been subjected to various pre 
inoculation treatments were detached and then inocu 
leaves either into an inoculum 


0.1M 


Leaves were im 


lated by dipping the 
water or into one diluted with 
(pH 7 


inoculum 3 times in quick succession 


diluted with 
potassium phosphate buffer 
mersed in the 
The excess inoculum was drained on paper towels for 
10-15 seconds. 
The inoculated. detached leaves were incubated in 
20) 150-mm Petri dish moist chambers containing 
wet filter paper. Incubation was carried out under con 
tinuous fluorescent light (day-light type. 200-300 foot 
delay the vellowing of leaves bevond the 
At the end of the incuba 


tien period. the lesions were counted under slight mag 


candles t 


l- to 5-dav incubation period 


nification and illumination afforded by a Quebee colony 
counter. The mean lesion counts derived from a group 
f leaves that received the same treatments were sub 
jected to an analysis of variance in a split-plot design 
The various preinoculation treatments were compared 
in the main plots (pairs of opposite primary leaves 
ind inocula types in the subplots (1 leaf of each pair 

VWethods ot Celite-dusted 


leaves were abraded 1) with a dry ground-glass spatu 


Rest LTs abrasion, 


la 2 with a spatula dipped in water hefore each 
stroke. or 3) with a spatula dipped in 0.1M potassium 
phosphate buffer (pH 7) After 
} 


hem into an inoculum diluted 


ibrasion leaves were 
inoculated by dipping t 
with either water o1 phosphate buffer 


Phe relative number of lene al lesions Was influenced 


beth by the nature of the abrasive treatment and the 


(Table 1) 


significantly higher when leaves abraded by any given 


type of inoculum Lesion counts were 


method were dipped in an ino ulum diluted with phos 


phate than when dipped in one diluted with water In 


the 1955 tests. with inocula diluted with water ibra 


sion in the presence of p itassium p osphate resulted i 


significantly more lesions than did dry abrasion o1 


tbrasion in the presence of water The 1956 results 
differed in that more lesions occurred on leaves that 


received ib wion mn the presence ot phi <phate or drv 
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abrasion, than on leaves abraded in the presence of 
water. With inocula containing phosphate, leaves that 
received dry abrasion developed more lesions than did 
leaves abraded in the presence of water or phosphate. 
Of the several combinations tested, that of dry abra- 
sion and use of inoculum containing added phosphate 
resulted in the highest number of lesions. The phos- 
phate effect was greater when phospate was added to 
the inoculum than when applied at time of abrasion. 
Dipping between abrasion and inoculation.—Lesion 
counts on Celite-dusted leaves that received dry abra- 
sion and a dip in either water or phosphate buffer prior 
to inoculation were compared to counts obtained from 


leaves that received dry abrasion but no preinoculation 
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dipping treatment. Local numbers were influ tion abrasion treatment. Thus the receptivity of 
enced by both the d g treatment and the type ol abraded leaves was not altered by the type ol abrasive 
inoculum (Table 2 ere were more lesions on leaves treatment or by the presence or absence of added 
inoculated with an inoculum diluted with phosphate phosphate in the inoculum. 

buffer than on leaves inoculated with a water-diluted Discussion.—The phosphate effect reported herein 


With inocula diluted with 


leaves that received 


inoculum. water, lesion 


counts for preinoculation dip 


in phosphate were iIpproxil tely the same is {tor 
leaves that received no preinoculation dip. but both 
were much higher than on leaves receiving a water dip 
With inocula diluted w isphate, lesion counts 
were much higher on leaves that received no preinocu 
lation dip than on leaves t eceived either a water 
or phosphate dip 

Duration of the epti eriod Celite-dusted 
leaves were abraded with a dry ground-glass spatula 
320, 160, 80, 40. 20, 10, 5 ; minutes prior to 
inoculation. Then all leave ere sprayed with an 
inoculum diluted either with water or phosphate buffer 
Lesion count means for 5 trials of 7-12 leaves for each 
time period were progressive lower as the time be 
tween abrasion and inoculation increased. The bean 
leaves remained receptive l nfiection by PMA or 
SBMV at least 80 minutes afte Irv abrasion for inocu 
lations with water- or phosphate-diluted inocula 

In another experiment Serie leaves received dry 
abrasion 64, 32. 16. 8. 4 inutes before they 
were detached and d pped nt in inoculum diluted 
either with water or phosphate buffer (Fig. 1 Initial 
ly there were 3—5 times as many lesions on le ives that 
were inoculated with phosp!| diluted inocula than 
on leaves receiving water-diluted inocula. As the time 
interval between abras oculation was in 
creased, the ratio decreased that at the end of the 
test period, lesion count we ipproximate ly the same 
whether or not phosphate was added to the inoculum 
Thus. the receptivity of abraded leaves to infection de 
creased as the time betwee ibrasion and inoculation 
increased, but the rate of de f e was much greatet 
for leaves that received phosphate-diluted inoculum 
then for those that did not. Thus whereas phosphate 
has been shown in previously cited papers and in this 
paper to be associated with increased infection. these 
particular data suggest that phosphate in the inoculum 
may have an adverse effect if there is a delay between 
abrasion and inoculation teresting to note that 


Jedlinski (2) observed with rN\i\ in water! diluted 
ino ula that lesion counts o1 ean leaves were ipprox! 
mately the same for delay periods of 0. 30. 60. 300. o1 
600 seconds whereas lesion ¢ ints were maximal at 


300 seconds for othe r hosts 


In still another experimental serie intact Celite 
dusted leaves received drv abrasion or abrasion in the 
presence of water or phosphate buffer 4,, 5. 10. 20 and 


1m diluted 


< 


40 minutes prior to th 


with water or with phosphate buffer. Lesion counts 

} } P ] 
were progressive lv lower is the luration of the period 
between abrasion and inoculation was increased \t 


the end of the 40-minute test period. lesion counts were 


approximately the same regardless of the preinocula 


for preinoculation treatment effects and for compari- 
and phosphate-diluted 
3-fold difference be- 
In comparison, a 2-fold dif- 
Takahashi (6) for TMV on 
to 100-fold difference reported by 
rM\ Yar- 


wood also demonstrated a smaller effect with 9 viruses 


sons of water-diluted inocula 
inocula was demonstrated by a 
tween lesion count means. 
ference was reported by 
tobacco ind a 4- 
Yarwood (9) for on several bean varieties. 


on various hosts including tobacco. Yarwood and 
Takahashi suggested that tobacco is much less suscep- 
tible than beans to the action of phosphate. 

The difference in magnitude in these various reports 
may be attributed also to a pH effect. Yarwood com- 
pared KaHPO, at pH 8.5 with water presumably at pH 
6. whereas Takahashi and the authors compared po- 
tassium phosphate buffer at pH 7.0 with water at ap- 
Data concerning the effect of pH 


and Thorn- 


proximately pH 6. 


on infectivity as reported by Stanley (5) 


berry (7 that a much higher difference in 


suggest 


lesion counts might be expected tor comparisons of pH 


2 and pH 6 than for comparisons of pH 7 and pH 6. 


The present data obtained from a comparatively 


large leaf sampling confirm the previously reported 
(11) that the 


presence of potassium phosphate in the inoculum re- 


findings of several earlier investigators 


sults in more numerous lesions. 


Fort Derrick 
FREDERICK, MARYLAND 
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